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Abstract 

1$6$¶V$LU 7UDIILF0DQDJHPHQW 7HFKQRORJ\'HPRQVWUDWLRQ ±  $7' ZLOO RSHUDWLRQDOO\
GHPRQVWUDWH WKHIHDVLELOLW\RIHIILFLHQWDUULYDORSHUDWLRQVFRPELQLQJJURXQGEDVHGDQGDLUERUQH
1$6$WHFKQRORJLHV7KH$7'LQWHJUDWHGV\VWHPFRQVLVWVRIWKH7UDIILF0DQDJHPHQW$GYLVRU
ZLWK7HUPLQDO0HWHULQJZKLFKJHQHUDWHVSUHFLVHWLPHEDVHGVFKHGXOHVWRWKHUXQZD\DQGPHUJH
SRLQWV&RQWUROOHU0DQDJHG6SDFLQJGHFLVLRQVXSSRUWWRROVZKLFKSURYLGHFRQWUROOHUVZLWKVSHHG
DGYLVRULHV DQG RWKHU LQIRUPDWLRQ QHHGHG WRPHHW WKH VFKHGXOH DQG )OLJKW GHFNEDVHG ,QWHUYDO
0DQDJHPHQWDYLRQLFVDQGSURFHGXUHVZKLFKDOORZIOLJKWFUHZVWRDGMXVW WKHLUVSHHGWRDFKLHYH
SUHFLVHUHODWLYHVSDFLQJ,QLWLDOVWXGLHVLGHQWLILHGDLUJURXQGFKDOOHQJHVUHODWHGWRWKHLQWHJUDWLRQ
RIWKHVHWKUHHVFKHGXOLQJDQGVSDFLQJWHFKQRORJLHVDQG1$6$¶VDLUERUQHVSDFLQJDOJRULWKPZDV
PRGLILHG WRDGGUHVVVRPHRI WKHVHFKDOOHQJHV7KH5HVHDUFKDQG3URFHGXUDO7HVWLQJRI5RXWHV
KXPDQLQWKHORRSH[SHULPHQWZDVWKHQFRQGXFWHGWRDVVHVVWKHSHUIRUPDQFHRIWKHQHZVSDFLQJ
DOJRULWKP7KHUHVXOWVRIWKLVH[SHULPHQWLQGLFDWHWKDWWKHDOJRULWKPSHUIRUPHGDVGHVLJQHGDQG
WKH SLORW SDUWLFLSDQWV IRXQG WKH DLUERUQH VSDFLQJ FRQFHSW DLUJURXQG SURFHGXUHV DQG FUHZ
LQWHUIDFHWREHDFFHSWDEOH+RZHYHUWKHUHVHDUFKHUVFRQFOXGHGWKDWWKHGDWDUHYHDOHGLVVXHVZLWK
WKHIUHTXHQF\RIVSHHGFKDQJHVDQGVSHHGUHYHUVDOV


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ATOL $LU7UDIILF2SHUDWLRQV/DERUDWRU\
ATOS $LUVSDFHDQG7UDIILF2SHUDWLRQV6LPXODWLRQ
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EFB HOHFWURQLFIOLJKWEDJ
ETA HVWLPDWHGWLPHRIDUULYDO
FAA )HGHUDO$YLDWLRQ$GPLQLVWUDWLRQ
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FSF )OLJKW6LPXODWLRQ)DFLOLW\
HITL KXPDQLQWKHORRS
IFD ,QWHJUDWLRQ)OLJKW'HFN
IM ,QWHUYDO0DQDJHPHQW
LaRC /DQJOH\5HVHDUFK&HQWHU
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MOP PHDVXUHRISHUIRUPDQFH
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
1 Introduction 

2YHUWKHQH[WWZHQW\\HDUVDLUWUDIILFGHPDQGLVSUHGLFWHGWRLQFUHDVHE\PRUHWKDQWZRSHUFHQW
SHU \HDU >@ $UULYDOV LQWR KLJKGHQVLW\ DLUSRUWV HVSHFLDOO\ GXULQJ SHDN WUDIILF SHULRGV DQG
LQFOHPHQW ZHDWKHU RIWHQ H[SHULHQFH VLJQLILFDQW LQHIILFLHQFLHV GXH WR WKH XVH RI PLOHVLQWUDLO
SURFHGXUHVDQGVWHSGRZQGHVFHQWV8VHRIWKHVHFXUUHQWSURFHGXUHVFRQWULEXWHVWRUHGXFHGDLUSRUW
WKURXJKSXWLQFUHDVHGFRQWUROOHUZRUNORDGLQFUHDVHGDUULYDOGHOD\DQGLQFUHDVHGDLUFUDIWIXHOEXUQ
HPLVVLRQVDQGQRLVH$OWKRXJKDGYDQFHGDUULYDOSURFHGXUHVDUHDYDLODEOHWKH\DUHXQGHUXWLOL]HG
GXHWRWKHODFNRIVXSSRUWLQJWHFKQRORJ\

7KH 1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ¶V 1$6$ $LU 7UDIILF 0DQDJHPHQW
7HFKQRORJ\ 'HPRQVWUDWLRQ ±  $7' FRPELQHV DGYDQFHG JURXQGEDVHG DQG DLUERUQH
VFKHGXOLQJDQGVSDFLQJWHFKQRORJLHVLQRUGHUWRHQDEOHHIILFLHQWDUULYDORSHUDWLRQVLQKLJKGHQVLW\
WHUPLQDODLUVSDFH>@>@7KH$7'LQWHJUDWHGV\VWHPFRQVLVWVRIWKUHHFRUHFRPSRQHQWV

x 7UDIILF0DQDJHPHQW$GYLVRUZLWK7HUPLQDO0HWHULQJ70$70JHQHUDWHVSUHFLVHWLPH
EDVHGVFKHGXOHVWRWKHUXQZD\DQGPHUJHSRLQWVZLWKLQWKHWHUPLQDODUHD
x &RQWUROOHU0DQDJHG6SDFLQJ&06GHFLVLRQVXSSRUWWRROVSURYLGHFRQWUROOHUVZLWKVSHHG
DGYLVRULHVDQGRWKHULQIRUPDWLRQQHHGHGWRPHHWWKHVFKHGXOH
x )OLJKWGHFNEDVHG,QWHUYDO0DQDJHPHQW),0DYLRQLFVDQGSURFHGXUHVDOORZIOLJKWFUHZV
WRDXWRQRPRXVO\DGMXVWWKHLUVSHHGWRDFKLHYHSUHFLVHUHODWLYHVSDFLQJ

7KH7UDIILF0DQDJHPHQW$GYLVRU 70$ZDV RULJLQDOO\ GHYHORSHG DW1$6$$PHV5HVHDUFK
&HQWHU$5&DQGLVFXUUHQWO\XVHGDW$LU5RXWH7UDIILF&RQWURO&HQWHUV$57&&QDWLRQZLGHWR
GHWHUPLQHDQDSSURSULDWHDUULYDOVFKHGXOH>@70$70LVDQHQKDQFHGIRUPRI70$WKDWLQFOXGHV
WHUPLQDODUHDPHWHULQJDQGHQDEOHV WKHXVHRIPRUHHIILFLHQWDUULYDOSURFHGXUHV&06GHFLVLRQ
VXSSRUWWRROVDOVRGHYHORSHGDW1$6$$5&SURYLGHFRQWUROOHUVZLWKWKHLQIRUPDWLRQQHFHVVDU\
WRDFKLHYHDUULYDOVFKHGXOHFRQIRUPDQFHXVLQJVSHHGFRPPDQGVWKXVUHGXFLQJWKHXVHRIWDFWLFDO
YHFWRULQJ>@>@7KHXVHRI70$70LQFRQMXQFWLRQZLWK&06WRROVKDVEHHQDVVHVVHGDQG
UHVXOWVLQGLFDWHDQLQFUHDVHLQDLUSRUWWKURXJKSXW>@>@>@>@

,QWHUYDO0DQDJHPHQW,0LVDQDLUERUQHVSDFLQJFRQFHSWLQZKLFKWKHIOLJKWFUHZLVUHVSRQVLEOH
IRUIO\LQJWKHLUDLUFUDIWDWDVSHHGWKDWDFKLHYHVWKHLUDVVLJQHGWLPHEDVHGVSDFLQJLQWHUYDOEHKLQG
DWDUJHWDLUFUDIWZKLOH$LU7UDIILF&RQWURO$7&UHPDLQVUHVSRQVLEOHIRUHQVXULQJWKDWDOODLUFUDIW
PDLQWDLQ VDIH VHSDUDWLRQ ,Q QRUPDO RSHUDWLRQV $7& DGGV D VSDFLQJ EXIIHU WR WKH VHSDUDWLRQ
UHTXLUHPHQW WRHQVXUH WKDW VHSDUDWLRQ LV DOZD\VPDLQWDLQHG7KHJRDORIDLUERUQHVSDFLQJ LV WR
GHFUHDVH WKLV VSDFLQJ EXIIHU E\ GHFUHDVLQJ WKH YDULDELOLW\ RI WKH WLPH HUURU DVVRFLDWHGZLWK DQ
DLUFUDIW¶VDUULYDODWDVSHFLILFSRLQWDORQJLWVDUULYDOURXWH7KHSUHFLVHPHUJLQJDQGVSDFLQJHQDEOHG
E\),0DYLRQLFVDQGIOLJKWFUHZSURFHGXUHVUHGXFHVH[FHVVVSDFLQJEXIIHUVDQGUHVXOWVLQKLJKHU
WHUPLQDOWKURXJKSXW6WXGLHVE\0,75(>@>@>@(852&21752/>@>@>@>@DQG
1$6$ /DQJOH\ 5HVHDUFK &HQWHU /D5& >@ >@ >@ KDYH GHPRQVWUDWHG DQ LQFUHDVH LQ
HIILFLHQF\WKURXJKWKHXVHRI),0RSHUDWLRQV

,QDGGLWLRQWRXWLOL]LQJWKHVHDGYDQFHGWHFKQRORJLHVLQ$7'DLUFUDIWZLOOIO\QHZPRUHGLUHFW
$UHD1DYLJDWLRQ51$9URXWHVWKDWH[WHQGIURPHQURXWHDLUVSDFHWRWKHUXQZD\&RQVLVWHQWXVH
RIIXHOHIILFLHQWGHVFHQWVRQ51$9DUULYDOVUDWKHUWKDQWKHVWHSGRZQGHVFHQWVXVHGWRGD\LVDNH\
 

DVSHFW IRU HQDEOLQJ EURDGHU XVH RI 3HUIRUPDQFH%DVHG 1DYLJDWLRQ 3%1 7KH $XWRPDWLF
'HSHQGHQW6XUYHLOODQFH±%URDGFDVW$'6%LQIUDVWUXFWXUHFXUUHQWO\EHLQJLPSOHPHQWHGE\WKH
)HGHUDO$YLDWLRQ$GPLQLVWUDWLRQ)$$ZLOODOVREHOHYHUDJHG7KH),0WRROVZLOOFDOFXODWHVSHHG
FRPPDQGVXVLQJLQIRUPDWLRQSURYLGHGE\$'6%ZKLFKLVPRUHDFFXUDWHWKDQWUDGLWLRQDOUDGDU
7KHDELOLW\RI IOLJKW FUHZV WRPDNHPRUHSUHFLVH VSHHGDGMXVWPHQWVZLOO HQDEOH D UHGXFWLRQ LQ
VSDFLQJEXIIHUVUHVXOWLQJLQKLJKHUWHUPLQDOWKURXJKSXW

7KH$7'VFKHGXOLQJDQGVSDFLQJWHFKQRORJLHVKDYHEHHQHYDOXDWHGLQGHSHQGHQWO\DQGHDFKKDV
GHPRQVWUDWHG EHQHILWV $V DQ LQWHJUDWHG V\VWHP WKHVH WHFKQRORJLHV ZLOO LQFUHDVH WKURXJKSXW
UHGXFH GHOD\ DQG PLQLPL]H HQYLURQPHQWDO LPSDFWV 6WXGLHV DW 1$6$ $5& DQG /D5& WR
GHPRQVWUDWHWKH$7'FRQFHSWDQGYDOLGDWHRSHUDWLRQDOIHDVLELOLW\LQGLFDWHWKDW WKHFRQFHSW LV
YLDEOHDQGRSHUDWLRQVDUHDFFHSWDEOH>@>@>@>@>@$VHULHVRIODUJHVFDOHKXPDQLQWKH
ORRS+,7/VLPXODWLRQVWRHYDOXDWHV\VWHPOHYHOSHUIRUPDQFHLQGLFDWHWKDWWKH$7'JURXQG
EDVHGWHFKQRORJLHVVXSSRUW3%1RSHUDWLRQVIRUKLJKGHQVLW\WUDIILF>@

7KHVHLQLWLDOVWXGLHVKDYHDOVRUHYHDOHGDQXPEHURIFKDOOHQJHVDVVRFLDWHGZLWKWKHLQWHJUDWLRQRI
WKH JURXQGEDVHG DQG DLUERUQH WHFKQRORJLHV 'XULQJ KLJK GHPDQG RSHUDWLRQV 70$70PD\
JHQHUDWHDVFKHGXOHDQGFRUUHVSRQGLQJDLUFUDIW WUDMHFWRULHV WKDW LQFOXGHD VXEVWDQWLDODPRXQWRI
GHOD\LQRUGHUWRHQVXUHDLUFUDIWVHSDUDWLRQDQGVSDFLQJ$7&ZLOODGMXVWDLUFUDIWVSHHGVDQGRU
YHFWRUDLUFUDIWRIISDWKWRDGMXVWDUULYDOWLPHVWRPHHWWKHVFKHGXOH7KH),0DOJRULWKPFDOFXODWHV
WKHHVWLPDWHGWLPHVRIDUULYDO(7$IRUWKHRZQVKLSDQGWKHWDUJHWDLUFUDIWDQGXVHVWKHGLIIHUHQFH
WRFDOFXODWHDFRPPDQGHGVSHHG6LQFHDLUFUDIWFRQGXFWLQJ),0RSHUDWLRQVKDYHQRNQRZOHGJHRI
WKHGHOD\DVVLJQHGWRWKHLUWDUJHWDLUFUDIWWKH\PXVWXVHWKHSXEOLVKHGVSHHGVWRFRPSXWHWKHWDUJHW
DLUFUDIW¶V(7$$VDUHVXOWDQDLUFUDIWSHUIRUPLQJ),0RSHUDWLRQVPD\IROORZDWDUJHWDLUFUDIWZLWK
D70$70JHQHUDWHGWUDMHFWRU\WKDWKDVVXEVWDQWLDOVSHHGGHYLDWLRQVIURPWKHVSHHGVH[SHFWHGE\
WKHDLUERUQHVSDFLQJDOJRULWKP

1$6$¶VDLUERUQHVSDFLQJDOJRULWKP$LUERUQH6SDFLQJIRU7HUPLQDO$UHD5RXWHV$67$5ZDV
PRGLILHGWRLPSURYHSHUIRUPDQFHZKHQIROORZLQJWDUJHWDLUFUDIWZLWKGHOD\HGWUDMHFWRULHV$EDWFK
VLPXODWLRQWRLQYHVWLJDWHWKLVQHZVSDFLQJDOJRULWKPZLWKYDULRXVGHOD\HGVSHHGSURILOHVDQGZLQG
FRQGLWLRQV LQGLFDWHGJHQHUDOO\JRRGSHUIRUPDQFH+RZHYHUVRPHW\SHVRIWDUJHWDLUFUDIWVSHHG
SURILOHVZHUHIRXQGWRFDXVHWKHVSDFLQJDOJRULWKPWRFRPPDQGOHVVWKDQRSWLPDOVSHHGFRQWURO
EHKDYLRU>@

7RHYDOXDWHWKHSHUIRUPDQFHRIWKHQHZVSDFLQJDOJRULWKPZLWKKXPDQSLORWVDQGFRQWUROOHUVWKH
5HVHDUFKDQG3URFHGXUDO7HVWLQJRI5RXWHV5$3725+,7/VLPXODWLRQZDVFRQGXFWHGDW1$6$
/D5&LQ7KHREMHFWLYHRIWKLVH[SHULPHQWZDVWRDVVHVVLIWKHQHZYHUVLRQRIWKH$67$5
VSDFLQJDOJRULWKP$67$5PHWWKH$7'3URMHFW¶VUHTXLUHPHQWVIRUWKHIROORZLQJ$7'
0HDVXUHVRI3HUIRUPDQFH023
x 3HUFHQWDJHRIFRQWUROOHULQWHUUXSWHG),0RSHUDWLRQV023
x 3HUFHQWDJHRIIOLJKWGHFNLQWHUUXSWHG),0RSHUDWLRQV023
x )OLJKWFUHZDFFHSWDELOLW\RI),0RSHUDWLRQV023DQG
x )OLJKWFUHZZRUNORDGGXULQJ),0RSHUDWLRQV023
7KLVSDSHUGHVFULEHVWKHPHWKRGRORJ\DQGUHVXOWVRIWKH5$3725+,7/H[SHULPHQW


 

2 Method 

2.1 Experiment and Scenario Design 

7KH IRFXV RI WKH5$3725 H[SHULPHQWZDV WR DVVHVV WKH SHUIRUPDQFH RI WKH QHZ$67$5
DLUERUQHVSDFLQJDOJRULWKP7KHDLUVSDFHHQYLURQPHQWZDVPRGHOHGRQWKH$OEXTXHUTXH&HQWHU
=$%DQG3KRHQL[6N\+DUERU3+;7HUPLQDO5DGDU$SSURDFK&RQWURO75$&21DUHD(DFK
H[SHULPHQWVFHQDULRFRQVLVWHGRIPXOWLSOHDLUWUDIILFIORZVLQYROYLQJDUULYDODLUFUDIWIO\LQJWKH
($*8/),9(DQG0$,(5),9(DUULYDOVLQWR3+;DLUSRUWDQGODQGLQJRQUXQZD\)RXURIWKH
DUULYDODLUFUDIWZHUHIORZQE\VXEMHFWSLORWVRSHUDWLQJDVWZRSHUVRQFUHZV7ZRRIWKHVHVXEMHFW
SLORW FUHZV IOHZ IXOOVFDOH KLJK ILGHOLW\ IL[HGEDVH VLPXODWRUV ZKLOH WKH RWKHU WZR HPSOR\HG
PHGLXPILGHOLW\ GHVNWRS VLPXODWRUV $OO IRXU VLPXODWRUV ZHUH HTXLSSHG ZLWK WKH $67$5
YHUVLRQDLUERUQHVSDFLQJDOJRULWKPDQGDIOLJKWGHFNFRQWUROGLVSOD\LQWHUIDFHWRHQDEOH
),0 RSHUDWLRQV )RXU DGGLWLRQDO DUULYDO DLUFUDIW ZKLFK VHUYHG DV WKH WDUJHW DLUFUDIW IRU ),0
RSHUDWLRQVZHUHIORZQE\IRXUFRQIHGHUDWHSLORWVXVLQJPHGLXPILGHOLW\GHVNWRSVLPXODWRUV7KH
UHPDLQLQJDUULYDOWUDIILFDLUFUDIWZHUHIORZQE\ILYHSVHXGRSLORWVHDFKRIZKRPRSHUDWHGD
VLQJOHVWDWLRQWKDWDOORZHGKLPWRFRQWURO WKHEDVLFIXQFWLRQVRIPXOWLSOHDLUFUDIW)LYHUHFHQWO\
UHWLUHGDLUWUDIILFFRQWUROOHUVVHUYHGDV&HQWHU=$%&HQWHU=$%)HHGHU)LQDODQG*KRVW
FRQWUROOHUVLVVXLQJVSHHGFRPPDQGVYHFWRUVDQG,0FOHDUDQFHV

6XEMHFW DLUFUDIW SHUIRUPLQJ ),0 RSHUDWLRQVZHUH H[SHFWHG WR XVH WKH$67$5SURYLGHG VSHHG
JXLGDQFHZKHQHYHUSRVVLEOH7KLVVSHHGJXLGDQFHLVGHVLJQHGVXFKWKDWWKHVSDFLQJDLUFUDIWZLOO
DFKLHYHWKHDVVLJQHGVSDFLQJJRDOEHKLQGWKHWDUJHWDLUFUDIWDWDSUHGHILQHGDFKLHYHE\SRLQWZKLOH
UHPDLQLQJZLWKLQRIWKHSXEOLVKHG51$9DUULYDODLUVSHHG,QWKLVH[SHULPHQWWKHDFKLHYHE\
SRLQWZDVWKHILQDODSSURDFKIL[)$)7KH),0IOLJKWGHFNFRQWUROGLVSOD\LQWHUIDFHVKRZQLQ
)LJXUHV  DQG  FRQVLVWHG RI WZR VLGHPRXQWHG HOHFWURQLF IOLJKW EDJV ()% DQG FRQILJXUDEOH
JUDSKLFV GLVSOD\ &*' GHYLFHV PRXQWHG RQ WKH OHIW DQG ULJKW RXWERDUG SDQHOV LQ WKH SLORW¶V
IRUZDUGILHOGRIYLHZ

'XULQJWKH5$3725H[SHULPHQWWKHIOLJKWFUHZLQLWLDOO\SURJUDPPHGRZQVKLSLQIRUPDWLRQLQWR
WKH()%V&RQIHGHUDWHDLUWUDIILFFRQWUROOHUVLVVXHGWKH,0FOHDUDQFHYLDUDGLRWRWKHIOLJKWFUHZ
ZKRWKHQHQWHUHGWKHIROORZLQJLQIRUPDWLRQLQWRWKH()%V
x $VVLJQHGVSDFLQJJRDOVSDFLQJLQWHUYDOUHTXLUHGDWWKH,0DFKLHYHE\SRLQW
x 7DUJHWDLUFUDIWFDOOVLJQDQG
x 7DUJHWDLUFUDIWIOLJKWSDWKDUULYDODQGWUDQVLWLRQ

$IWHUDFWLYDWLQJWKH),0DYLRQLFVWKHIOLJKWFUHZIOHZWKH,0FRPPDQGHGVSHHGVWRDFKLHYHD
SUHFLVHVSDFLQJLQWHUYDODWWKH)$)
 
 




















)LJXUH&RQILJXUDEOHJUDSKLFVGLVSOD\ 



)LJXUH(OHFWURQLFIOLJKWEDJ
 

7ZRIOLJKWVFHQDULRVZHUHGHILQHGXVLQJWKH[H[SHULPHQWPDWUL[VKRZQLQ)LJXUHWRDOORZDQ
H[DPLQDWLRQRIWZRGLIIHUHQWZLQGILHOGVEDVHGRQDFWXDOZLQGVUHFRUGHGDW3+;7KHZLQGVILHOGV
DSDLULQJRIWUXWKDQGIRUHFDVWZLQGVZHUHVHOHFWHGIURPDVHWRIGD\VWKDWZHUHXVHGDFURVVWKH
$7'VLPXODWLRQVDQGKDGEHHQSUHYLRXVO\LGHQWLILHGDVVWUHVVLQJFRQGLWLRQV7KHILUVWZLQGILHOG
ZDVIURPZKLOHWKHVHFRQGZDVIURP:LQGHUURUKDVEHHQVKRZQWRH[FLWH
WKHJURXQGVSHHGIHHGEDFNWHUPWKDWZDVDGGHGWRWKH$67$5VSDFLQJDOJRULWKP>@DQGVR
WKHVHWZRZLQGVZHUHFDUHIXOO\FKRVHQLQRUGHUWRH[DPLQHWKHVSDFLQJSHUIRUPDQFHRIWKH),0
DLUFUDIW7KHZLQGVFHQDULR LQFOXGHGYHU\ VWURQJZLQGFRQGLWLRQVDW DOWLWXGHDQG OLJKW WR
PRGHUDWHZLQGDW WKHDLUSRUW6FKHGXOLQJGHOD\VIRU WKHWDUJHWDQG),0DLUFUDIW LQ WKLVVFHQDULR
UDQJHG IURP WZR WRQHDUO\ ILYHPLQXWHV7KHZLQG VFHQDULR LQFOXGHGPRGHUDWHZLQGV DW
DOWLWXGHZLWKVFKHGXOHGHOD\VUDQJLQJIURPVHFRQGVWRWKUHHPLQXWHV

,QLWLDOFRQGLWLRQVRIWKHDLUFUDIWZHUHEDVHGRQDFWXDOWUDIILFUHFRUGHGDW3+;RQDW
7KLV:HVWIORZWUDIILFVFHQDULRZDVDOVRXVHGLQWKH&$+,7/VLPXODWLRQFRQGXFWHGDW
1$6$$5&0RGLILFDWLRQVWRWKLVWUDIILFVFHQDULRZHUHPDGHEDVHGRQVXEMHFWPDWWHUH[SHUWLVH
DQGLQFOXGHGWKHUHPRYDORIWXUERSURSVRQWKH6:,5/DUULYDORYHUIOLJKWVDQGGHSDUWXUHV2QO\
WKH1RUWKVLGHRIWKH3+;DLUSRUWZLWKDUULYDOVWRUXQZD\ZDVVLPXODWHGGXULQJWKH5$3725
H[SHULPHQW$GGLWLRQDO GHWDLOV UHJDUGLQJ WKH GHVLJQ RI WKH H[SHULPHQW VFHQDULRV DQG JUDSKLFDO
UHSUHVHQWDWLRQVRIWKHVWDQGDUGWHUPLQDODUULYDO URXWHV67$5VXVHGGXULQJWKHH[SHULPHQWDUH
LQFOXGHGLQ$SSHQGL[$
 





)RUHFDVW=

7UXWK=

)RUHFDVW=

7UXWK=
 :LQG :LQG

)LJXUH([SHULPHQWGHVLJQPDWUL[


2.2 Participants 

2.2.1 Subject Pilots 

6XEMHFWSLORWVFRQVLVWHGRIIRXUWZRSHUVRQFUHZVRIFXUUHQWTXDOLILHGDQGSLORWV
HPSOR\HGE\PDMRU86DLUFDUULHUVLHDWRWDORIHLJKWFRPPHUFLDODLUOLQHSLORWV$OO VXEMHFW
SLORWVZHUHPDOHDQGUDQJHGIURPWR\HDUVLQDJH2QDYHUDJHWKHSLORWVKDG\HDUVRI
DLUOLQHH[SHULHQFHDQGRYHUKRXUVRIFRPPHUFLDODLUOLQHIOLJKWWLPH7RPLQLPL]HSRWHQWLDO
HIIHFWVDVVRFLDWHGZLWKGLIIHUHQWDLUOLQHRSHUDWLQJSURFHGXUHVDOO WZRSHUVRQFUHZVZHUHSDLUHG
IURP WKH VDPHDLUOLQH DQG WKHSLORWV IOHZ LQ WKHLU FXUUHQWRSHUDWLRQDO SRVLWLRQ FDSWDLQRU ILUVW
RIILFHUXVLQJWKHLUFRPSDQ\¶VVWDQGDUGRSHUDWLQJSURFHGXUHVPRGLILHGWRLQFOXGH),0RSHUDWLRQV
7KHVHVXEMHFWSLORWVSDUWLFLSDWHGLQDWZRGD\H[SHULPHQWVHVVLRQDW1$6$/D5&RQ)HEUXDU\


'DWDZHUHDOVRFROOHFWHGIURPVL[FUHZVRIFXUUHQWTXDOLILHGDQGSLORWVGXULQJWZR
VLQJOHGD\H[SHULPHQWVHVVLRQVFRQGXFWHGLQ-DQXDU\+RZHYHUGDWDFROOHFWHGLQ-DQXDU\
ZHUHQRWLQFOXGHGLQIRUPDODQDO\VHVVLQFHVWULFWDGKHUHQFHWRWKH5$3725H[SHULPHQWSURWRFRO
ZDVQRWSRVVLEOHGXHWRXQH[SHFWHGZHDWKHUUHODWHGFORVLQJVRI/D5&RQ-DQXDU\DQGD
UHTXLUHGVRIWZDUHFKDQJHLPSOHPHQWHGRQ)HEUXDU\DQGFKDQJHVLQFRQWUROOHUEHKDYLRUREVHUYHG
GXULQJ WKH H[SHULPHQW VHVVLRQV FRQGXFWHG LQ -DQXDU\ DV FRPSDUHG ZLWK WKRVH FRQGXFWHG LQ
)HEUXDU\

2.2.2 Confederate Pilots and Pseudo-Pilots 

)RXUFRQIHGHUDWHSLORWVXWLOL]HGPHGLXPILGHOLW\GHVNWRSVLPXODWRUVWRRSHUDWHIRXUKXPDQSLORWHG
WDUJHWDLUFUDIWIRU),0RSHUDWLRQV7KHVHSLORWVZHUHPDOHDQGUDQJHGIURPWR\HDUVLQDJH
7KH\KDGDQDYHUDJHRI\HDUVDQGKRXUVRIFRPPHUFLDODLUOLQHH[SHULHQFH

)LYH DGGLWLRQDO SVHXGRSLORWV XVHG GHVNWRS SVHXGRSLORW VWDWLRQV WR RSHUDWH  WUDIILF DUULYDO
DLUFUDIWE\UHVSRQGLQJWRFRQWUROOHUFRPPDQGVLVVXHGYLDUDGLRFRPPXQLFDWLRQV7KHVHSVHXGR
SLORWVZHUHPDOHDQGUDQJHGLQDJHIURPWR\HDUV2QDYHUDJHWKHVHSLORWVKDG\HDUVRI
PLOLWDU\IOLJKWH[SHULHQFH\HDUVRIFRPPHUFLDODLUOLQHH[SHULHQFHDQGRYHUKRXUVRI
FRPPHUFLDODLUOLQHIOLJKWWLPH
 


2.2.3 Confederate Controllers 

)LYH UHFHQWO\ UHWLUHG DLU WUDIILF FRQWUROOHUV VHUYHG DV FRQIHGHUDWH FRQWUROOHUV 7KH FRQIHGHUDWH
FRQWUROOHUVLQFOXGHGWZR=$%&HQWHUFRQWUROOHUVVHFWRUVDQGRQH3+;)HHGHUFRQWUROOHU
RQH3+;)LQDOFRQWUROOHUDQGRQH*KRVWFRQWUROOHU7KHWKUHHHQURXWHFRQWUROOHUVKDG\HDUV
RIHQURXWH$7&H[SHULHQFHDW2DNODQG$57&&7KH)HHGHUDQG)LQDOFRQWUROOHUVKDGDQG
\HDUVRI75$&21H[SHULHQFHUHVSHFWLYHO\$OOILYHFRQWUROOHUVZHUHWUDLQHGDW1$6$$5&LQ
WKHXVHRIWKHJURXQGEDVHGWRROVDQGKDGSDUWLFLSDWHGLQSUHYLRXV$7'H[SHULPHQWV

2.3 Experiment Protocol 

7KHVXEMHFWSLORWVUHFHLYHGWUDLQLQJPDWHULDOVDQGKDGDFFHVVWRFRPSXWHUEDVHGWUDLQLQJSULRUWR
DUULYLQJDW1$6$/D5&$IWHUDUULYLQJDW/D5&WKHSLORWVUHFHLYHGVL[KRXUVRIFODVVURRPDQG
KDQGVRQWUDLQLQJLQFOXGLQJIO\LQJILYHWUDLQLQJVFHQDULRV7KHIRXUWZRSHUVRQFUHZVSDUWLFLSDWHG
LQDWZRGD\H[SHULPHQWVHVVLRQDQGFRPSOHWHGDWRWDORIIRXUGDWDFROOHFWLRQIOLJKWV7KHILUVWGD\
RIWKHH[SHULPHQWVHVVLRQEHJDQZLWKFODVVURRPDQGKDQGVRQWUDLQLQJDQGWKHQRQHGDWDFROOHFWLRQ
IOLJKWZDVFRQGXFWHG7KHVHFRQGGD\FRQVLVWHGRIWKHUHPDLQLQJGDWDFROOHFWLRQIOLJKWVIROORZHG
E\DSRVWH[SHULPHQWTXHVWLRQQDLUHDQGJURXSGHEULHIVHVVLRQ(DFKGDWDFROOHFWLRQIOLJKWODVWHG
DSSUR[LPDWHO\PLQXWHVDQGSLORWVFRPSOHWHGDSRVWUXQTXHVWLRQQDLUHIROORZLQJHDFKIOLJKW
3RVWUXQDQGSRVWH[SHULPHQWTXHVWLRQQDLUHVZHUHDOVRDGPLQLVWHUHGWRDQGIHHGEDFNZDVFROOHFWHG
IURPWKHFRQIHGHUDWHFRQWUROOHUV

(DFKIOLJKWFUHZIOHZERWKH[SHULPHQWVFHQDULRVWZLFH±RQFHZLWKWKHFDSWDLQDVWKHSLORWIO\LQJ
3)DQGWKHILUVWRIILFHUDVWKHSLORWPRQLWRULQJ30DQGRQFHZLWKWKHILUVWRIILFHUDVWKH3)DQG
WKH FDSWDLQ DV WKH 30 ± IRU D WRWDO RI IRXU H[SHULPHQW UXQV 7KH UXQ RUGHU ZDV SDUWLDOO\
FRXQWHUEDODQFHGDQGZLWKLQHDFKFUHZWKHSLORWVVZLWFKHG3)DQG30UHVSRQVLELOLWLHVEHWZHHQ
UXQV7KH&HQWHU DQG*KRVW FRQWUROOHUV DOVR URWDWHGSRVLWLRQV EHWZHHQ UXQV$GGLWLRQDO GHWDLOV
UHJDUGLQJWKHGDLO\VFKHGXOHDQGH[SHULPHQWUXQRUGHUDUHLQFOXGHGLQ$SSHQGL[%

2.4 Scheduling and Spacing Technologies 

7KLVH[SHULPHQWXWLOL]HGDQLQWHJUDWHGVHWRIJURXQGEDVHGDQGDLUERUQHWHFKQRORJLHVFRQVLVWLQJRI
70$70&06GHFLVLRQVXSSRUWWRROVDQG),0DYLRQLFVDQGSURFHGXUHV7KHVHVFKHGXOLQJDQG
VSDFLQJWHFKQRORJLHVDUHGHVFULEHGEHORZ

2.4.1 Traffic Management Advisor with Terminal Metering 

70$70LVDQH[WHQVLRQRIWKHRSHUDWLRQDO70$WKDWGHWHUPLQHVDQDUULYDOVFKHGXOHEDVHGRQ
DLUSRUWFRQGLWLRQVDLUSRUWFDSDFLW\UHTXLUHGVSDFLQJDQGZHDWKHUFRQGLWLRQV7KLVVFKHGXOLQJWRRO
XVHVWKHSUHGLFWHGWUDMHFWRU\RIHDFKDLUFUDIWDORQJLWVSURMHFWHGDUULYDOURXWHWRFDOFXODWHWKH(7$
DQGFRUUHVSRQGLQJ6FKHGXOHG7LPHRI$UULYDO67$DWYDULRXVPHWHUDQGPHUJHSRLQWVDORQJWKH
DLUFUDIW IOLJKW SDWK 7KH VFKHGXOH LV WKHQ GHFRQIOLFWHG DW HDFK RI WKH VFKHGXOLQJZD\SRLQWV E\
GHOD\LQJDLUFUDIWXQWLO WKH\DUHSURSHUO\ VSDFHG7KH70$70VFKHGXOH LVEURDGFDVW WR WKHHQ
URXWH DQG 75$&21 FRQWUROOHU SRVLWLRQV IRU XVH E\ WKH&06 WRROV WR DVVLVW WKH FRQWUROOHUV LQ
PDLQWDLQLQJRSWLPXPIORZUDWHVWRWKHUXQZD\V
 





)LJXUH7UDIILF0DQDJHPHQW$GYLVRUZLWK7HUPLQDO0HWHULQJGLVSOD\


7KH UHVHDUFK YHUVLRQ RI 70$70 U70$ XWLOL]HG GXULQJ WKH 5$3725 H[SHULPHQW KDG WKH
GLVSOD\ VKRZQ LQ)LJXUHZLWK VL[ WLPHOLQHVRIZKLFK WKUHHZHUH DFWLYH7KH VHFRQG WLPHOLQH
VKRZHG WKHDUULYDO VFKHGXOH IRU3+; UXQZD\ DQG WKH ILIWK DQG VL[WK WLPHOLQHV VKRZHG WKH
DUULYDO VFKHGXOH IRU WZR PHWHULQJ IL[HV DURXQG WKH 3+; 75$&21 7KH FXUUHQW FORFN WLPH
 DSSHDUV LQ WKH XSSHU OHIW FRUQHU 7KHZKLWH QXPEHUV ORFDWHG LQ WKHPLGGOH RI HDFK
WLPHOLQHLQGLFDWHPLQXWHVDIWHUWKHKRXU$VWLPHSURJUHVVHVWKHWLPHOLQHVVFUROOWRZDUGWKHERWWRP
RIWKHVFUHHQZLWKWKHFXUUHQWWLPHDWWKHERWWRPDQGRQHKRXULQWKHIXWXUHDWWKHWRS2QWKHOHIW
RIHDFKWLPHOLQHHDFKDLUFUDIW¶V(7$DWWKHPHWHULQJIL[RUUXQZD\WKUHVKROGLVVKRZQLQJUHHQ
2Q WKH ULJKW VLGH RI HDFK WLPHOLQH WKH DLUFUDIW¶V 67$ LV VKRZQ LQ DPEHU RU F\DQ$V DLUFUDIW
DSSURDFKWKHDLUSRUW70$FRQWLQXDOO\UHFDOFXODWHVWKHVFKHGXOHEDVHGRQWKHDLUFUDIW¶VFXUUHQW
(7$ XQWLO WKH DLUFUDIW UHDFKHV D IUHH]H KRUL]RQ VHW DW  10 IURP HDFKPHWHULQJ IL[$IWHU
FURVVLQJ WKH IUHH]H KRUL]RQ WKH VFKHGXOH IRU HDFK DLUFUDIW UHPDLQV IL[HG $Q DPEHU FDOO VLJQ
LQGLFDWHVWKDWDQDLUFUDIWLVRXWVLGHRIWKHIUHH]HKRUL]RQDQGDF\DQFDOOVLJQLQGLFDWHVWKDWLWLV
SDVW WKH IUHH]H KRUL]RQ ,I WKH JUHHQ LQGLFDWRU RQ WKH OHIW VLGH RI WKH WLPHOLQH LV EHORZ WKH
FRUUHVSRQGLQJLQGLFDWRURQWKHULJKWWKHDLUFUDIWLVHDUO\RWKHUZLVHWKHDLUFUDIWLVODWH
 


2.4.2 Controller Managed Spacing 

&06GHFLVLRQVXSSRUWWRROVSURYLGH75$&21FRQWUROOHUVZLWKWKHLQIRUPDWLRQQHHGHGWRPHHW
WKH70$70JHQHUDWHGVFKHGXOH7KH&06WRROVXVHGLQWKH5$3725H[SHULPHQWZHUHDYDLODEOH
WR ERWK WKH )HHGHU DQG )LQDO FRQWUROOHUV DQG FRQVLVWHG RI WLPHOLQHV VORW PDUNHUV HDUO\ODWH
LQGLFDWRUVVSHHGDGYLVRULHVDQGVHTXHQFHQXPEHUVVHH)LJXUH

7KH VFKHGXOH WLPHOLQHV SURYLGH JUDSKLFDO GHSLFWLRQV RI DQ DLUFUDIW¶V VFKHGXOH FRQIRUPDQFH E\
GLVSOD\LQJWKHUHODWLRQVKLSEHWZHHQHDFKDLUFUDIW¶V(7$DQG67$WRDPHUJHSRLQWRUWKHUXQZD\
WKUHVKROG,IWKH(7$LVHDUOLHUWKDQWKH67$WKHDLUFUDIWQHHGVWRDEVRUEGHOD\LIWKH(7$LVODWHU
WKDQWKH67$WKHDLUFUDIWQHHGVWREHDGYDQFHG

6ORWPDUNHUFLUFOHVLQGLFDWHZKHUHDQDLUFUDIWVKRXOGEHORFDWHGDWDJLYHQWLPHLILWZHUHWRIO\WKH
51$9 DUULYDO WKURXJK WKH IRUHFDVWHG ZLQG ILHOG PHHWLQJ DOO SXEOLVKHG VSHHG DQG DOWLWXGH
UHVWULFWLRQVDQGDUULYHDWLWV67$WRWKHPHUJHSRLQWRUUXQZD\WKUHVKROG7KHUHODWLYHSRVLWLRQRI
WKHDLUFUDIWV\PERODQGWKHVORWPDUNHUSURYLGHVDTXLFNYLVXDOLQGLFDWLRQRIKRZWKHDLUFUDIWLV
SRVLWLRQHGUHODWLYHWRLWV67$,IWKHDLUFUDIWLVRQVFKHGXOHWKHDLUFUDIWV\PEROLVFHQWHUHGZLWKLQ
WKHVORWPDUNHU,QWKLVH[SHULPHQWWKHGLDPHWHURIWKHVORWPDUNHUFLUFOHUHSUHVHQWHGVHFRQGV
RIIO\LQJWLPHDWWKHDLUFUDIW¶VFXUUHQWJURXQGVSHHG

(DUO\ODWHLQGLFDWRUVLQWKHDLUFUDIWIXOOGDWDEORFN)'%HQDEOHFRQWUROOHUVWRTXLFNO\DVVHVVWKH
VFKHGXOHFRQIRUPDQFHLQIRUPDWLRQIRU WKDWDLUFUDIW7KHVHLQGLFDWRUVUHSUHVHQW WKHGLIIHUHQFH LQ
PLQXWHVDQGVHFRQGVEHWZHHQWKH(7$DQG67$WRWKHQH[WPHUJHSRLQWRUWKHUXQZD\WKUHVKROG
7KH\ DUH JHQHUDWHG ZKHQ D VLQJOH VSHHG DGYLVRU\ FDQQRW EH FDOFXODWHG WR UHVROYH VFKHGXOH
FRQIRUPDQFHZLWKDNQRWGLVFULPLQDWLRQDQGWKHGLIIHUHQFHEHWZHHQWKH(7$DQG67$LVJUHDWHU
WKDQRUHTXDOWRILYHVHFRQGV

6SHHGDGYLVRULHVLQWKHDLUFUDIW)'%HQDEOHFRQWUROOHUVWRIRUPXODWHVSHHGFOHDUDQFHVIRUDLUFUDIW
QRWSHUIRUPLQJ),0RSHUDWLRQV7KHVSHHGDGYLVRU\LVDUHFRPPHQGHGFDOLEUDWHGDLUVSHHG&$6
ZKLFKLVSUHGLFWHGWRSODFHWKHDLUFUDIWEDFNRQVFKHGXOHEHIRUHUHDFKLQJWKHVFKHGXOLQJIL[6SHHG
DGYLVRULHVDUHGLVSOD\HGZKHQDQDLUFUDIW¶V(7$LVPRUHWKDQILYHVHFRQGVHDUOLHURUODWHUWKDQLWV
67$DQGRQO\LIWKHSUHGLFWHGVSHHGZLOOUHVROYHWKHGLIIHUHQFHEHWZHHQWKH(7$DQG67$E\WKH
QH[WPHWHULQJSRLQWRWKHUZLVHWKHHDUO\ODWHLQGLFDWRULVVKRZQ

6HTXHQFHQXPEHUVLQWKHDLUFUDIW)'%GLVSOD\WKHQXPEHURIWKHDLUFUDIWLQVHTXHQFHWRWKHUXQZD\



 



)LJXUH&RQWUROOHU0DQDJHG6SDFLQJWRROV


2.4.3 Flight deck-based Interval Management 

7KH),0WRROVSURYLGHRQERDUGVSHHGJXLGDQFH WR WKHIOLJKWFUHZWRDFKLHYHDSUHFLVHVSDFLQJ
LQWHUYDOEHKLQGDWDUJHWDLUFUDIWDQGPHHWWKHVFKHGXOHVHWE\70$707KH),0DYLRQLFVLQFOXGH
DVSDFLQJDOJRULWKPRQERDUGWKHDLUFUDIWWKDWXVHVLQIRUPDWLRQSURYLGHGE\$7&LQWKHIRUPRIDQ
,0FOHDUDQFHDORQJZLWK$'6%GDWDIURPWKHWDUJHWDLUFUDIWWRFRPSXWH,0FRPPDQGHGVSHHGV
7KHIOLJKWFUHZIROORZVWKHVHVSHHGVWRDFKLHYHSUHFLVHLQWUDLOVSDFLQJDWDGHVLJQDWHGDFKLHYHE\
SRLQW

,QRUGHUWRSHUIRUP),0RSHUDWLRQVLQWKLVH[SHULPHQWDOO),0DLUFUDIWZHUHHTXLSSHGZLWK1$6$
/D5&¶VDLUERUQHVSDFLQJDOJRULWKP$67$5DQGDIOLJKWGHFNFRQWUROGLVSOD\LQWHUIDFHVHH
)LJXUHVDQG7KH$67$5DOJRULWKPSURGXFHVVSHHGJXLGDQFHE\GHWHUPLQLQJWLPHWRJRXQWLO
DQ DLUFUDIW DQG LWV WDUJHW UHDFK DQ DFKLHYHE\ SRLQW DORQJ D ' WUDMHFWRU\ 7KH SURFHGXUH IRU
FRQGXFWLQJ D ),0 RSHUDWLRQ EHJDQ ZKHQ $7& SURYLGHG D ),0HTXLSSHG DLUFUDIW ZLWK DQ ,0
FOHDUDQFHZKLFKLQFOXGHGWKHWDUJHWDLUFUDIW¶VFDOOVLJQDQGURXWHDQGDVSDFLQJJRDOFRPSXWHGE\
U70$7KHIOLJKWFUHZWKHQHQWHUHGWKLVLQIRUPDWLRQLQWRWKHLQWHUIDFHDQGIROORZHGWKHVSHHGV
SURYLGHGE\WKHDOJRULWKPWRDFKLHYHWKHVSDFLQJLQWHUYDODWWKH)$)

'XULQJ ),0RSHUDWLRQV WKH()%GLVSOD\HG WKH WDUJHW DLUFUDIW FDOO VLJQ WKH FRPPDQGHG VSHHG
UHTXLUHGWRDFKLHYHSUHFLVHLQWHUYDOVSDFLQJEHKLQGWKHWDUJHWDLUFUDIWDQGD)DVW6ORZLQGLFDWRUWR
SURYLGH WUHQG LQIRUPDWLRQ DQG JXLGDQFH UHJDUGLQJ UHTXLUHG ),0 DLUFUDIW GHFHOHUDWLRQV DQG
6ORW0DUNHU
6SHHG$GYLVRU\
(DUO\/DWH,QGLFDWRU
 

DFFHOHUDWLRQV WRFRQIRUPWR WKH$67$5DOJRULWKP ,QRUGHU WRSURYLGH WKHSLORWVZLWK UHTXLUHG
LQIRUPDWLRQLQWKHIRUZDUGILHOGRIYLHZWKH&*'VXSSOLHGWKHIROORZLQJILYHHOHPHQWVGXULQJD
),0RSHUDWLRQ
x ),0VWDWXVLQGLFDWLRQRIZKHQWKH),0DLUFUDIWZDVDFWLYHO\SHUIRUPLQJ),0RSHUDWLRQV
x 7DUJHWDLUFUDIWFDOOVLJQ
x &RPPDQGHGVSHHG
x )DVW6ORZLQGLFDWRUDQG
x 6\VWHPFDXWLRQDQGLQIRUPDWLRQPHVVDJHV

8SRQUHDFKLQJWKH)$)WKHLQIRUPDWLRQRQWKH()%VDQG&*'VZDVWXUQHGRIIDQGWKHIOLJKW
FUHZEHJDQGHFHOHUDWLQJWRWKHLUODQGLQJVSHHG$SSHQGL[&LOOXVWUDWHVWKHXVHRIWKH()%IRUGDWD
HQWU\ DFWLYDWLRQ VXVSHQVLRQ UHVXPSWLRQ FDQFHOODWLRQ DQG WHUPLQDWLRQ RI ),0 RSHUDWLRQV
,OOXVWUDWLRQVRIWKHLQIRUPDWLRQHOHPHQWVSUHVHQWHGRQWKH&*'GXULQJ),0RSHUDWLRQVDUHDOVR
SURYLGHG

,Q DGGLWLRQ WR WKH DYLRQLFV RQERDUG WKH ),0 DLUFUDIW VHYHUDO ),0 LQGLFDWRUV RQ WKH FRQWUROOHU
GLVSOD\VZHUHDOVRXWLOL]HGGXULQJWKLVH[SHULPHQW),0LQIRUPDWLRQGLVSOD\HGLQWKH0HWHU/LVW
SURYLGHG HQ URXWH FRQWUROOHUV ZLWK WKH LQIRUPDWLRQ QHFHVVDU\ WR LVVXH WKH ,0 FOHDUDQFH 7KLV
LQFOXGHGWKHDLUFUDIWFDOOVLJQPHWHUIL[67$PHWHUIL[GHOD\VSDFLQJLQWHUYDOLQVHFRQGVWDUJHW
DLUFUDIWFDOOVLJQDQGWDUJHWDLUFUDIWURXWHDVVKRZQLQ)LJXUH













)LJXUH),0LQIRUPDWLRQGLVSOD\HGRQ0HWHU/LVW


),0DGYLVRU\GLVSOD\V WR WKHHQ URXWH FRQWUROOHUV LQGLFDWHG WKHHOLJLELOLW\ DQGVWDWXVRI WKH ,0
FOHDUDQFH$LUFUDIWWKDWZHUH),0FDSDEOHGLVSOD\HGD\HOORZ³#´V\PERORQWRSRIWKH)'%7KLV
ZDV FKDQJHG WR DPDJHQWD ³#´ V\PERO DIWHU WKH FRQWUROOHU LVVXHG WKH ,0 FOHDUDQFH DQG WR D
PDJHQWD ³6´ RQFH WKH DLUFUDIW UHSRUWHG SDLUHG VSDFLQJ VHH )LJXUH 2Q WKH IHHGHU DQG ILQDO
FRQWUROOHUGLVSOD\VDLUFUDIWWKDWKDGEHHQLVVXHGDQ,0FOHDUDQFHGLVSOD\HG³),0´LQWKH)'%DQG
DLUFUDIW WKDW ZHUH FXUUHQWO\ SHUIRUPLQJ ),0 RSHUDWLRQV GLVSOD\HG ³63&´ LQ WKH )'% 7KHVH
V\PEROVDUHVKRZQLQ)LJXUH

 
Spacing 
Interval
Target 
Aircraft 
Route
Meter Fix 
STA
Aircraft 
Call sign
Meter Fix 
Delay
Target Aircraft 
Call sign
 












$LUFUDIWLV),0FDSDEOH $LUFUDIWKDVEHHQJLYHQ $LUFUDIWKDVUHSRUWHGSDLUHG
 ,0FOHDUDQFH VSDFLQJZLWKWDUJHWDLUFUDIW

)LJXUH,0FOHDUDQFHHOLJLELOLW\DQGVWDWXVLQGLFDWRUVIRUHQURXWHFRQWUROOHUV











,0FOHDUDQFHQRWLVVXHG $LUFUDIWKDVEHHQLVVXHG $LUFUDIWKDVUHSRUWHGSDLUHG
 ,0FOHDUDQFH VSDFLQJZLWKWDUJHWDLUFUDIW

)LJXUH,0FOHDUDQFHVWDWXVLQGLFDWRUVIRU75$&21FRQWUROOHUV


2.5 Facilities and Equipment 

7KH5$3725H[SHULPHQWXWLOL]HGWZRIDFLOLWLHVDW1$6$/D5&WKH)OLJKW6LPXODWLRQ)DFLOLW\
)6)DQG WKH$LU7UDIILF2SHUDWLRQV/DERUDWRU\$72/'HVFULSWLRQVRIHDFK IDFLOLW\DQG LWV
HTXLSPHQWDUHSURYLGHGLQWKLVVHFWLRQ

2.5.1 Flight Simulation Facility 

'XULQJWKH5$3725VFHQDULRVWZRRIWKHIRXU),0DLUFUDIWZHUHIORZQE\VXEMHFWSLORWVXWLOL]LQJ
WZR RI WKH IXOOVFDOH VLPXODWRUV ZLWKLQ WKH )6) ± WKH ,QWHJUDWLRQ )OLJKW 'HFN ,)' DQG WKH
'HYHORSPHQWDQG7HVW6LPXODWRU'76>@


 

2.5.1.1 Integration Flight Deck 

7KH,)'LVDIXOOVFDOHVLPXODWRUUHSUHVHQWDWLYHRIDODUJHFRPPHUFLDOWUDQVSRUWFDWHJRU\DLUFUDIW
DQG LV GULYHQ E\ DQ DSSURSULDWH DLUFUDIW G\QDPLFV PDWKHPDWLFDO PRGHO 7KH FRFNSLW LQFOXGHV
VWDQGDUGVKLS¶V LQVWUXPHQWV UHSUHVHQWDWLYHRID OLQHRSHUDWLRQVDLUFUDIWDQG WKHFRFNSLW¶VYLVXDO
V\VWHPLVDSDQRUDPDV\VWHPWKDWSURYLGHVKRUL]RQWDOE\YHUWLFDOILHOGRIYLHZ'XULQJ
WKH5$3725H[SHULPHQWRQHRIWKHIRXUVXEMHFWIOLJKWFUHZVIOHZWKH,)'DQGWKHYLVXDOVFHQH
XVHG ZDV WKH 3+; WHUPLQDO HQYLURQPHQW LQ D GD\WLPH VHWWLQJ $V QRWHG SUHYLRXVO\ WKH ,)'
VLPXODWRUZDVHTXLSSHGZLWKWKH$67$5DOJRULWKPDQGWKHSURWRW\SH),0FUHZLQWHUIDFHWRHQDEOH
WKHIOLJKWFUHZWRSHUIRUP),0RSHUDWLRQV)LJXUHVKRZVWKHSRVLWLRQVRIWKH()%VDQG&*'V
ZLWKLQWKH,)'







)LJXUH,QWHJUDWLRQ)OLJKW'HFNHTXLSSHGZLWKWKHIOLJKWGHFNFRQWUROGLVSOD\LQWHUIDFH


2.5.1.2 Development and Test Simulator 

7KH'76LVDIXOOVFDOHIL[HGEDVHVLPXODWRUUHSUHVHQWDWLYHRIDODUJHJHQHULFFRPPHUFLDOWUDQVSRUW
FDWHJRU\DLUFUDIWDQGLVGULYHQE\DKLJKILGHOLW\DHURG\QDPLFPDWKHPDWLFDOPRGHO7KHFRFNSLW
GLVSOD\VDUHLQFRUSRUDWHGLQIRXULQFKGLVSOD\VDQGWKHYLVXDOV\VWHPLQFOXGHVD°KRUL]RQWDO
E\°YHUWLFDORXWWKHZLQGRZILHOGRIYLHZ,QRUGHUWRHQDEOHWKHIOLJKWFUHZWRSHUIRUP),0
RSHUDWLRQVWKH'76ZDVHTXLSSHGZLWKWKH$67$5DOJRULWKPWZRVLGHPRXQWHG()%VDQGWZR
&*'V UHQGHUHG XVLQJ SRUWLRQV RI WKH VLPXODWRU¶V H[LVWLQJ RXWERDUG KHDGVGRZQ GLVSOD\V VHH
)LJXUH

 
&DSWDLQ¶VHOHFWURQLFIOLJKWEDJ()%DQGFRQILJXUDEOHJUDSKLFVGLVSOD\&*'
)LUVWRIILFHU¶VFRQILJXUDEOHJUDSKLFVGLVSOD\&*'DQGHOHFWURQLFIOLJKWEDJ()%
 





 


)LJXUH'HYHORSPHQWDQG7HVW6LPXODWRUHTXLSSHGZLWKWKHIOLJKWGHFNFRQWUROGLVSOD\LQWHUIDFH
 
 
2.5.2 Air Traffic Operations Laboratory 

7KH$72/FRQWDLQVDQHWZRUNRIKXQGUHGVRIUHDOWLPHPHGLXPILGHOLW\DLUFUDIWVLPXODWRUVDQG
XWLOL]HVDVLPXODWLRQSODWIRUPNQRZQDVWKH$LUVSDFHDQG7UDIILF2SHUDWLRQV6LPXODWLRQ$726
ZKLFKFDQEHXVHGIRUERWKEDWFKDQGUHDOWLPH+,7/H[SHULPHQWV'XULQJWKH5$3725+,7/
H[SHULPHQW WZR),0DLUFUDIW IRXU WDUJHW DLUFUDIW DQG WUDIILF DLUFUDIW WRWDO RIRI WKH
DLUFUDIWLQHDFKVFHQDULRZHUHVLPXODWHGLQWKH$72/$7&VWDWLRQVZLWKLQWKH$72/ZHUHDOVR
XWLOL]HGWRHQDEOHFRQIHGHUDWHDLUWUDIILFFRQWUROOHUVWRSURYLGHDUHDOLVWLF$7&HQYLURQPHQW

2.5.2.1 ASTOR Stations 

(DFKGHVNWRSDLUFUDIWVLPXODWRUZLWKLQWKH$72/LVUHIHUUHGWRDVDQ$LUFUDIW6LPXODWLRQIRU7UDIILF
2SHUDWLRQV5HVHDUFK$6725>@$Q$6725SURYLGHVDPHGLXPILGHOLW\UHSUHVHQWDWLRQRID
FRPPHUFLDOWUDQVSRUWDLUFUDIWLWVIOLJKWGHFNV\VWHPVDQGWKHDLUERUQHFRPSRQHQWVRIDUHDOLVWLF
IXWXUHFRPPXQLFDWLRQVQDYLJDWLRQDQGVXUYHLOODQFHLQIUDVWUXFWXUH$6725VFDQEHFRQILJXUHG
IRUVLQJOHFUHZRUGXDOFUHZRSHUDWLRQV

7ZR RI WKH IRXU ),0 DLUFUDIW IORZQ E\ VXEMHFW SLORWV GXULQJ WKH 5$3725 H[SHULPHQW ZHUH
VLPXODWHGXVLQJWZRGXDOFUHZ$6725V7KHGXDOFUHZ$6725VZHUHXWLOL]HGLQRUGHUWRSURYLGH
WKHFUHZLQWHUDFWLRQWKDWLVFULWLFDOLQWRGD\¶VDLUOLQHV(DFKRIWKHVHGHVNWRSVLPXODWRUVFRQWDLQHG
DKLJKILGHOLW\VL[GHJUHHRIIUHHGRPG\QDPLFVPRGHODQGDLUFUDIWGLVSOD\VVKRZQRQWKUHHLQFK
WRXFKVFUHHQPRQLWRUV)LJXUH3LORWVLQWHUDFWHGZLWKWKHVLPXODWRUVWKURXJKHLWKHUDPRXVHRU
WRXFKVFUHHQLQWHUIDFH,QDGGLWLRQWRQRUPDODLUFUDIWV\VWHPVWKHSURWRW\SH),0FUHZLQWHUIDFHZDV
HPXODWHGRQWKHGXDOFUHZ$6725VWRHQDEOHIOLJKWFUHZVWRSHUIRUP),0RSHUDWLRQV7KHIRXU
WDUJHWDLUFUDIWIORZQE\FRQIHGHUDWHSLORWVZHUHVLPXODWHGXVLQJIRXUVLQJOHFUHZ$6725V
)LUVWRIILFHU¶VFRQILJXUDEOHJUDSKLFVGLVSOD\&*'DQGHOHFWURQLFIOLJKWEDJ()%
&DSWDLQ¶VHOHFWURQLFIOLJKWEDJ()%DQGFRQILJXUDEOHJUDSKLFVGLVSOD\&*'
 





)LJXUH'XDOFUHZ$6725GHVNWRSVLPXODWRUGLVSOD\V


2.5.2.2 MACS Pseudo-Pilot Stations 

7KHPDMRULW\RIWKHDLUFUDIWLQWKH5$3725H[SHULPHQWZHUHVLPXODWHGXVLQJWKH1$6$$5&
0XOWL$LUFUDIW&RQWURO 6\VWHP 0$&6 >@7KH XVH RI0$&6GHVNWRS SVHXGRSLORW VWDWLRQV
DOORZHGDVLQJOHRSHUDWRUWRFRQWUROWKHEDVLFIXQFWLRQVRIPXOWLSOHDLUFUDIW7KHWUDIILFDLUFUDIW
ZHUHFRQWUROOHGE\DJURXSRIILYH0$&6SVHXGRSLORWVZLWKWKUHHSLORWVZRUNLQJWKH=$%KLJK
DOWLWXGHVHFWRUVDQG WZRSLORWVZRUNLQJ WKH3+;75$&21IHHGHUDQG ILQDO VHFWRUV)LJXUH
LOOXVWUDWHVVRPHRIWKHLWHPVWKDWFDQEHVKRZQRQD0$&6SVHXGRSLORWGLVSOD\7KHSVHXGRSLORW
FDQWDNHFRQWURORIDQ\DFWLYH0$&6DLUFUDIWE\VHOHFWLQJLWIURPWKHDLUFUDIWOLVWZLWKDPRXVH
FOLFN7KHDLUFUDIW¶VVSHHGKHDGLQJDQGDOWLWXGHFDQEHDOWHUHGE\HQWHULQJFKDQJHVLQWKH0$&6
0RGH&RQWURO3DQHO0&3RU0XOWL3XUSRVH&RQWURO'LVSOD\8QLW0&'8




)LJXUH0$&6SVHXGRSLORWVWDWLRQGLVSOD\


 
 

2.5.2.3 ATC Stations 

$7& FRQWUROOHU VWDWLRQV HTXLSSHG ZLWK 0$&6 ZHUH XWLOL]HG ZLWKLQ WKH $72/ WR HQDEOH
FRQIHGHUDWHDLUWUDIILFFRQWUROOHUVWRSURYLGHDUHDOLVWLF$7&HQYLURQPHQW$OOFRQWUROOHUSRVLWLRQV
XVHG VWDQGDUG 'LVSOD\ 6\VWHP 5HSODFHPHQW '65 RU 6WDQGDUG 7HUPLQDO $XWRPDWLRQ
5HSODFHPHQW 6\VWHP 67$56 GLVSOD\V DXJPHQWHG ZLWK &06 WRROV )LYH UHFHQWO\ UHWLUHG DLU
WUDIILFFRQWUROOHUVVHUYHGDVFRQIHGHUDWH&HQWHU=$%&HQWHU=$%)HHGHU)LQDODQG
*KRVWFRQWUROOHUV


3 Results and Discussion 

4XDQWLWDWLYHGDWDDXGLRDQGYLGHRUHFRUGLQJVDQGUHVHDUFKHUREVHUYDWLRQVZHUHFROOHFWHGWRDVVHVV
WKH$7'023V UHJDUGLQJ WKH QXPEHU RI YLRODWLRQV RI VHSDUDWLRQ SHUFHQWDJH RI FRQWUROOHU
LQWHUUXSWHG ),0 RSHUDWLRQV ),0 VSDFLQJ JRDO FRQIRUPDQFH DQG SHUFHQWDJH RI IOLJKW GHFN
LQWHUUXSWHG),0RSHUDWLRQV7RDVVHVVIOLJKWFUHZDFFHSWDELOLW\RI),0RSHUDWLRQVDQGIOLJKWFUHZ
ZRUNORDG RI ),0 RSHUDWLRQV VXEMHFWLYH UHVSRQVH GDWD ZHUH FROOHFWHG YLD HOHFWURQLF SRVWUXQ
TXHVWLRQQDLUHV7KHSLORWDQGFRQWUROOHUSRVWUXQDQGSRVWH[SHULPHQWTXHVWLRQQDLUHVDUHLQFOXGHG
LQ$SSHQGLFHV'()DQG*

'XHWRWKHVPDOOVDPSOHVL]HGDWDIURPWKH3)DQG30ZHUHFRPELQHG'DWDZHUHDOVRFRPELQHG
DFURVVWKHWKUHHGLIIHUHQWVLPXODWRUW\SHV,)''76DQGGXDOFUHZ$6725V,WVKRXOGEHQRWHG
WKDWDVLPXODWLRQDUWLIDFWFDXVHGLQDFFXUDWHWHPSHUDWXUHPRGHOLQJZKLFKPD\KDYHDIIHFWHGWKH
VSDFLQJ SRVVLEO\ UHVXOWLQJ LQ LQDFFXUDWH VSDFLQJ LQWHUYDOV DQG YLRODWLRQ RI VHSDUDWLRQ FULWHULD
SDUWLFXODUO\IRUWKHZLQGVFHQDULR

3.1 Number of Violations of Required Separation (MOP 3.2.1) 

7KH VHSDUDWLRQ YLRODWLRQV UHFRUGHG GXULQJ WKH H[SHULPHQW DUH VKRZQ LQ7DEOH  7KH ILUVW WZR
FROXPQVLQWKH7DEOHLQGLFDWHWKHUXQQXPEHUDQGZLQGILHOGRIWKHVFHQDULR7KHQH[WIRXUFROXPQV
VKRZWKHFDOOVLJQDQGDUULYDOURXWHRIWKHDLUFUDIWLQYROYHGLQWKHVHSDUDWLRQYLRODWLRQ7KHODVW
IRXU FROXPQV VKRZ WKH UHTXLUHGKRUL]RQWDO VHSDUDWLRQ DFWXDOPLQLPXPKRUL]RQWDO DQGYHUWLFDO
VHSDUDWLRQDQGORFDWLRQZKHUHWKHYLRODWLRQRFFXUUHG7KHUHZHUHQLQHYLRODWLRQVLQWRWDOHLJKWRI
ZKLFKRFFXUUHGGXULQJWKHZLQGVFHQDULR(LJKWRIWKHQLQHVHSDUDWLRQYLRODWLRQVLQYROYHG
DLUFUDIWIORZQE\WKHVXEMHFWSLORWV

'XULQJ5XQ  WKH IOLJKW FUHZ LQ1$6$ GLG QRW FRPPHQW RQ WKH VHSDUDWLRQ YLRODWLRQ 7KH
YLRODWLRQLQYROYLQJ1$6$FRUUHVSRQGVWRWKHIOLJKWGHFNLQWHUUXSWHG),0RSHUDWLRQGLVFXVVHG
LQ6HFWLRQ$GGLWLRQDOGHWDLOVUHJDUGLQJSLORWSHUFHSWLRQVDQGHYHQWVWKDWRFFXUUHGGXULQJWKH
YLRODWLRQ LQYROYLQJ1$6$ LQ 5XQ  DUH GLVFXVVHG LQ 6HFWLRQ  7KH VXEMHFW SLORWV IO\LQJ
1$6$GXULQJ5XQGLGQRWPHQWLRQWKHVHSDUDWLRQYLRODWLRQEXWRQHGLGFRPPHQWRQUHFHLYLQJ
PDQ\VSHHGFKDQJHVDWORZDOWLWXGHLQFOXGLQJDVSHHGUHYHUVDO'XULQJ5XQQRQHRIWKHIOLJKW
FUHZVFRPPHQWHGRQWKHVHSDUDWLRQYLRODWLRQV2QHRIWKHSLORWVLQ1$6$GLGPHQWLRQWKDWKH
KDGWRFRQILJXUHWKHDLUFUDIWPXFKHDUOLHUWKDQKHZRXOGKDYHGXULQJDQRSHUDWLRQDOVLWXDWLRQ


 

7DEOH9LRODWLRQVRIUHTXLUHGVHSDUDWLRQ

5XQ :LQG $LUFUDIW 5RXWH $LUFUDIW 5RXWH
+RUL]RQWDO
6HS5HT
10
0LQ
+RUL]RQWDO
6HS10
0LQ
9HUWLFDO
6HSIW
*HQHUDO
/RFDWLRQ
 
1$6$ 0$,(5 1$6$ 0$,(5    2Q)LQDO
1$6$ 0$,(5 1$6$ ($*8/    2Q)LQDO
1$6$ ($*8/ 1$6$ 0$,(5    2Q)LQDO
'&0 ($*8/ 6.: 0$,(5    7XUQRQWR)LQDO
  1$6$ 0$,(5 1$6$ 0$,(5    2Q)LQDO
 
1$6$ 0$,(5 1$6$ 0$,(5    2Q)LQDO
1$6$ ($*8/ 1$6$ ($*8/    2Q)LQDO
1$6$ 0$,(5 1$6$ ($*8/    2Q)LQDO
1$6$ ($*8/ 1$6$ 0$,(5    2Q)LQDO
3.2 Percentage of Controller-Interrupted FIM Operations (MOP 3.3.3) 

7KHQXPEHURIFRQWUROOHULQWHUUXSWHG),0RSHUDWLRQVZDVGHWHUPLQHGIURPWKHYLGHRDQGDXGLR
UHFRUGLQJVLQDGGLWLRQWRUHVHDUFKHUREVHUYDWLRQV7KHSHUFHQWDJHRIFRQWUROOHULQWHUUXSWHG),0
RSHUDWLRQVZDVWKHQFRPSXWHGIRUHDFKVFHQDULRE\

3HUFHQWDJHRIFRQWUROOHULQWHUUXSWHG),0RSHUDWLRQV
  QXPEHURIFRQWUROOHULQWHUUXSWHG),0RSVWRWDOQXPEHURI),0RSV

7KHUHZDVRQO\RQHFRQWUROOHULQWHUUXSWHG),0RSHUDWLRQVHH7DEOHZKLFKRFFXUUHGGXULQJWKH
ILUVWUXQRIWKHZLQGVFHQDULR1$6$ZDVSHUIRUPLQJ),0RSHUDWLRQVGXULQJKDQGRIIWR
ILQDODSSURDFK7KH IOLJKWFUHZFKHFNHGLQ LQIRUPHG WKH ILQDOFRQWUROOHU WKDW WKH\ZHUHSDLUHG
EHKLQGWKHLUWDUJHWDLUFUDIWDQGUHSRUWHGWKHLUFXUUHQWVSHHG7KHILQDOFRQWUROOHULQWHUSUHWHGWKLV
UHSRUWHG VSHHGDVKDYLQJEHHQSUHYLRXVO\ FRPPDQGHGE\ WKH IHHGHU FRQWUROOHU DQG UHVSRQGHG
³1$6$3KRHQL[$SSURDFK\RXDUHFOHDUHGUXQZD\,/6DSSURDFKUHVXPHFRUUHFWLRQIO\
QRUPDOVSHHGV´7KHILQDOFRQWUROOHULQWHQGHGWKHDLUFUDIWWRUHVXPH),0RSHUDWLRQVDQGIO\WKH,0
FRPPDQGHGVSHHGV+RZHYHUWKHIOLJKWFUHZLQWHUSUHWHG³IO\QRUPDOVSHHGV´DVWHUPLQDWLQJ),0
RSHUDWLRQV VR WKH\ IOHZ WKH SXEOLVKHG DSSURDFK IRU WKH UHPDLQGHU RI WKH IOLJKW 7KLV
PLVFRPPXQLFDWLRQUHVXOWHGLQDQXQLQWHQWLRQDOFRQWUROOHULQWHUUXSWHG),0RSHUDWLRQ

,QRUGHUWRDVVHVVWKHIROORZLQJa prioriK\SRWKHVLV

+\SRWKHVLV7KHUDWHRIHDUO\),0WHUPLQDWLRQE\$7&LVOHVVWKDQ

VWDWLVWLFDODQDO\VLVZDVSHUIRUPHGXVLQJWKHELQRPLDOWHVWRIRQHSURSRUWLRQ>@WRWHVWZKHWKHU
WKH SHUFHQWDJH RI FRQWUROOHULQWHUUXSWHG ),0RSHUDWLRQVZDV OHVV WKDQRU HTXDO WR YV WKH
SHUFHQWDJHZDVPRUHWKDQ)RUERWKVFHQDULRVWKHSHUFHQWDJHRI),0RSHUDWLRQVLQWHUUXSWHG
E\WKHFRQWUROOHUZDVQRWVLJQLILFDQWO\PRUHWKDQp

 


7DEOH3HUFHQWDJHRIFRQWUROOHULQWHUUXSWHG),0RSHUDWLRQV

  1XPEHURI&RQWUROOHU 3HUFHQWDJHRI&RQWUROOHU
6FHQDULR N ,QWHUUXSWHG),02SHUDWLRQV ,QWHUUXSWHG),02SHUDWLRQV
:LQG   
:LQG   


3.3 FIM Spacing Goal Conformance (MOP 3.4.1) 

'HVFULSWLYHVWDWLVWLFVDVVRFLDWHGZLWKWKHVSDFLQJHUURUDWWKH)$)IRUIOLJKWVZLWKLQWHUUXSWHG),0
RSHUDWLRQVVHH6HFWLRQVDQGIOLJKWVZLWKXQLQWHUUXSWHG),0RSHUDWLRQVDQGDOOIOLJKWV
FRPELQHGDUHVKRZQLQ7DEOHDQGKLVWRJUDPVDUHVKRZQLQ)LJXUHVDQG7KHREVHUYHG
VSDFLQJ HUURUZDVZLWKLQ VHF IRU DOO IOLJKWV GXULQJ WKH H[SHULPHQWZLWK WKH ODUJHVW HUURUV
RFFXUULQJGXULQJWKHZLQGVFHQDULR

,QRUGHUWRDVVHVVWKHIROORZLQJa prioriK\SRWKHVLV

+\SRWKHVLV7KHPHDQVSDFLQJHUURUDWWKH)$)ZLOOEHZLWKLQVHFRQGVVHFZLWKD
VWDQGDUGGHYLDWLRQRIVHF

VWDWLVWLFDODQDO\VLVZDVSHUIRUPHGWRWHVWWKHPHDQDQGVWDQGDUGGHYLDWLRQRIWKHVSDFLQJHUURUXVLQJ
WKHRQHVDPSOHtWHVWDQGRQHVDPSOHYDULDQFHWHVWUHVSHFWLYHO\>@)RUWKHZLQGVFHQDULR
WKH VSDFLQJ HUURU DW WKH )$) KDG DPHDQZLWKLQ  VHF p   DQG D VWDQGDUG GHYLDWLRQ
VLJQLILFDQWO\OHVVWKDQVHFp 

)RUWKHZLQGVFHQDULRWKHWZRIOLJKWVZLWKLQWHUUXSWHG),0RSHUDWLRQVUHVXOWHGLQWKHDLUFUDIW
FURVVLQJWKH)$)VHFHDUO\DQGVHFODWH)OLJKWVZLWKXQLQWHUUXSWHG),0RSHUDWLRQVKDGD
PHDQVSDFLQJHUURUVLJQLILFDQWO\OHVVWKDQVHFp EXWVHFZDVQRWDORZHUERXQGp 
7KHUHVXOWVDUHWKHVDPHZKHQDOOIOLJKWVDUHFRPELQHGZLWKVHFEHLQJDQXSSHUERXQGRQ
WKHPHDQVSDFLQJHUURUp EXWVHFQRWDORZHUERXQGp 7KHVWDQGDUGGHYLDWLRQ
RIWKHVSDFLQJHUURUDWWKH)$)ZDVQRWVLJQLILFDQWO\OHVVWKDQVHFZKHQFRQVLGHULQJHLWKHUDOO
),0RSHUDWLRQVp RUXQLQWHUUXSWHG),0RSHUDWLRQVRQO\p 7KLVLQGLFDWHVWKDW
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3.4 Percentage of Flight Deck-Interrupted FIM Operations (MOP 3.4.3) 

7KHQXPEHURIIOLJKWGHFNLQWHUUXSWHG),0RSHUDWLRQVZDVGHWHUPLQHGXVLQJWKHDXGLRDQGYLGHR
UHFRUGLQJVDVZHOODVUHVHDUFKHUREVHUYDWLRQV$),0RSHUDWLRQZDVFRQVLGHUHGWREHLQWHUUXSWHG
LILWZDVWHUPLQDWHGRUVXVSHQGHGZLWKRXWEHLQJUHVXPHGPRUHWKDQ10SULRUWRWKH)$)7KH
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XQFRPIRUWDEOHZLWKWKLVVSDFLQJDQGZLWKWKHFRPPDQGHGVSHHGVDWWKLVWLPHSDUWLFXODUO\ZLWKWKH
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3.5 Flight Crew Acceptability of FIM Operations (MOP 3.4.4) 
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DQGGDWDZHUHFROOHFWHGIURPHDFKRIWKHVXEMHFWSLORWVYLDHOHFWURQLFSRVWUXQTXHVWLRQQDLUHV,Q
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,WHP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,WHPF 7KH,0FRPPDQGHGVSHHGVZHUHRSHUDWLRQDOO\DFFHSWDEOH
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G 7KH,0FRPPDQGHGVSHHGVZHUHRSHUDWLRQDOO\DSSURSULDWH
,WHPH 7KH IUHTXHQF\ RI WKH ,0 VSHHG FRPPDQGV ZDV DFFHSWDEOH DW DOO WLPHV
WKURXJKRXWWKHVFHQDULR
,WHPJ 7KH XVH RI YRLFH FRPPXQLFDWLRQV WR SURYLGH WKH ,0 FOHDUDQFHV ZDV
DFFHSWDEOHLQWKLVVFHQDULR
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K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8QDFFHSWDEOH´WRµ¶ ³&RPSOHWHO\$FFHSWDEOH´'HVFULSWLYHVWDWLVWLFVDVVRFLDWHGZLWKWKHSLORW
UDWLQJVRIRYHUDOO),0DFFHSWDELOLW\DUHVKRZQLQ7DEOHDQGKLVWRJUDPVDUHVKRZQLQ)LJXUHV
DQG)RUERWKVFHQDULRVWKHIOLJKWFUHZVIRXQGWKH),0RSHUDWLRQVWREHDFFHSWDEOHp
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ZLWKWKHWDUJHWDLUFUDIWRQILQDOGHVSLWHHDUO\FRQILJXUDWLRQDQGPDQXDOVSHHGUHGXFWLRQVSULRUWR
WKH)$)7KLVIOLJKWFRUUHVSRQGVWRWKHVHSDUDWLRQYLRODWLRQLQ5XQRIWKHZLQGVFHQDULR
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WRSRIGHVFHQWZKLFKFDXVHGDGLVWUDFWLRQDQGLQGLFDWHGWKDW WKHQXPEHURIVSHHGFKDQJHVZDV
PDQDJHDEOH EXW IHOW WKH\ LQFUHDVHG KLV ZRUNORDG 7KLV VDPH SLORW DOVR UHSRUWHG DQ RYHUDOO
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7KHUDWLQJRIµ¶IRUWKHSDFHRIWKHRSHUDWLRQDOWDVN
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)LJXUH3LORWSHUFHSWLRQVUHJDUGLQJWKHXVH
RI YRLFH FRPPXQLFDWLRQV WR SURYLGH ,0
FOHDUDQFHVGXULQJWKHZLQGVFHQDULR

 )LJXUH3LORWSHUFHSWLRQVUHJDUGLQJWKHXVH
RI YRLFH FRPPXQLFDWLRQV WR SURYLGH ,0
FOHDUDQFHVGXULQJWKHZLQGVFHQDULR

 



)RU TXHVWLRQQDLUH LWHP  K WKH IOLJKW FUHZV IRXQG WKH KHDG GRZQ WLPH UHTXLUHG E\ ()%
LQWHUDFWLRQVWREHDFFHSWDEOHIRUERWKVFHQDULRVp


7DEOH  'HVFULSWLYH VWDWLVWLFV IRU WKH DFFHSWDELOLW\ RI WKH KHDG GRZQ WLPH UHTXLUHG E\ ()%
LQWHUDFWLRQIURPTXHVWLRQQDLUHLWHPK

6FHQDULR N 0HDQ 6' 0LQ 0HGLDQ 0D[
:LQG      
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)LJXUH $FFHSWDELOLW\ RI KHDG GRZQ WLPH
UHTXLUHGE\()%LQWHUDFWLRQVGXULQJWKHZLQG
VFHQDULR

 )LJXUH$FFHSWDELOLW\RIKHDGGRZQWLPH
UHTXLUHGE\()%LQWHUDFWLRQVGXULQJWKHZLQG
VFHQDULR


)RUTXHVWLRQQDLUHLWHPL,WKHIOLJKWFUHZVIRXQGWKDWHQWHULQJ,0FOHDUDQFHLQIRUPDWLRQLQWR
WKH()%ZDVHDV\DQGLQWXLWLYHIRUERWKZLQGFRQGLWLRQVp7KHSLORWZKRSURYLGHGD
GDWDHQWU\LQWXLWLYHQHVVUDWLQJRIµ¶LQGLFDWHGKHKDGDQLVVXHHQWHULQJWKHWDUJHWDLUFUDIWFDOOVLJQ
LQWRWKH()%


7DEOH'HVFULSWLYHVWDWLVWLFVIRUWKHDFFHSWDELOLW\RIHQWHULQJ,0FOHDUDQFHLQIRUPDWLRQLQWRWKH
()%IURPTXHVWLRQQDLUHLWHPL

6FHQDULR N 0HDQ 6' 0LQ 0HGLDQ 0D[
:LQG      
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)LJXUH  $FFHSWDELOLW\ RI HQWHULQJ ,0
FOHDUDQFHLQIRUPDWLRQLQWRWKH()%GXULQJWKH
ZLQGVFHQDULR

 )LJXUH  $FFHSWDELOLW\ RI HQWHULQJ ,0
FOHDUDQFHLQIRUPDWLRQLQWRWKH()%GXULQJWKH
ZLQGVFHQDULR


)RUTXHVWLRQQDLUHLWHPMWKHIOLJKWFUHZVIRXQGWKDWREWDLQLQJLQIRUPDWLRQIURP,0GLVSOD\V
ZDVHDV\IRUERWKVFHQDULRVp


7DEOH'HVFULSWLYHVWDWLVWLFVIRUSLORWSHUFHSWLRQVUHJDUGLQJWKHHDVHRIREWDLQLQJLQIRUPDWLRQ
IURP,0GLVSOD\VIURPTXHVWLRQQDLUHLWHPM

6FHQDULR N 0HDQ 6' 0LQ 0HGLDQ 0D[
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)LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
HDVH RI REWDLQLQJ LQIRUPDWLRQ IURP ,0
GLVSOD\VGXULQJWKHZLQGVFHQDULR

 )LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
HDVH RI REWDLQLQJ LQIRUPDWLRQ IURP ,0
GLVSOD\VGXULQJWKHZLQGVFHQDULR

 


)RUTXHVWLRQQDLUHLWHPOWKHIOLJKWFUHZVIRXQGWKH),0SURFHGXUHVWREHDFFHSWDEOHIRUERWK
VFHQDULRVp


7DEOH'HVFULSWLYHVWDWLVWLFVIRUSLORWSHUFHSWLRQVUHJDUGLQJWKHDFFHSWDELOLW\RIWKHIOLJKWFUHZ
SURFHGXUHVIURPTXHVWLRQQDLUHLWHPO

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
3.6 Flight Crew Workload of FIM Operations (MOP 3.4.5) 

,QRUGHUWRDVVHVVWKHIOLJKWFUHZZRUNORDGRI),0RSHUDWLRQVWKH0RGLILHG&RRSHU+DUSHU0&+
VXEMHFWLYHZRUNORDGUDWLQJVFDOHZDVXVHG>@'DWDZHUHFROOHFWHGIURPHDFKRIWKHVXEMHFWSLORWV
YLDHOHFWURQLFSRVWUXQTXHVWLRQQDLUHVLQRUGHUWRDVVHVVWKHIROORZLQJa prioriK\SRWKHVLV

+\SRWKHVLV3LORWVZLOOUHSRUWWKHPHDQ0&+ZRUNORDGUDWLQJVZLWK),0RSHUDWLRQVOHVV
WKDQRUHTXDOWR³´

$UDWLQJRI³´RQWKH0&+UDWLQJVFDOHLQGLFDWHVWKDWWKHLQVWUXFWHGWDVNLVIDLUDQGRUKDVPLOG
GLIILFXOW\DQGDFFHSWDEOHRSHUDWRUPHQWDOHIIRUWLVUHTXLUHGWRDWWDLQDGHTXDWHV\VWHPSHUIRUPDQFH
'HVFULSWLYH VWDWLVWLFV DVVRFLDWHG ZLWK WKH SLORW ZRUNORDG UDWLQJV DUH VKRZQ LQ 7DEOH  DQG
KLVWRJUDPVRIWKHGDWDDUHVKRZQLQ)LJXUHVDQG'DWDIURPWKH3)DQG30ZHUHFRPELQHG
DQGVWDWLVWLFDODQDO\VLVZDVSHUIRUPHGXVLQJWKH:LOFR[RQVLJQHGUDQNWHVW)RUERWKVFHQDULRVWKH
 

IOLJKWFUHZVIRXQGWKHZRUNORDGOHYHOH[SHULHQFHGGXULQJ),0RSHUDWLRQVWREHDFFHSWDEOHp



7DEOH'HVFULSWLYHVWDWLVWLFVIRUIOLJKWFUHZZRUNORDGUDWLQJV

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

4  Conclusions 

1$6$ KDV GHYHORSHG DQ LQWHJUDWHG VHW RI VFKHGXOLQJ DQG VSDFLQJ WHFKQRORJLHV FRQVLVWLQJ RI
70$70&06GHFLVLRQVXSSRUWWRROVDQG),0DYLRQLFVDQGSURFHGXUHV3UHYLRXVVWXGLHVKDYH
LGHQWLILHG D QXPEHU RI FKDOOHQJHV DVVRFLDWHG ZLWK WKH LQWHJUDWLRQ RI WKHVH JURXQGEDVHG DQG
DLUERUQHWHFKQRORJLHV7KH$67$5VSDFLQJDOJRULWKPZDVUHFHQWO\PRGLILHGWRDGGUHVVVRPHRI
WKHVHDLUJURXQGFKDOOHQJHV

7KH5$3725H[SHULPHQWGHVFULEHGLQWKLVGRFXPHQWZDVGHVLJQHGWRDVVHVVWKHSHUIRUPDQFHRI
WKHPRGLILHG$67$5VSDFLQJDOJRULWKP$67$5ZDVSUHYLRXVO\HYDOXDWHGLQDEDWFKVWXG\
XVLQJGHWHUPLQLVWLFVFULSWHGVFHQDULRVEDVHGRQDVVXPSWLRQVPDGHZLWKRXWUHDOLVWLFGDWDLQYROYLQJ
KXPDQ SDUWLFLSDWLRQ 7KH 5$3725 H[SHULPHQW SURYLGHG WKH ILUVW RSSRUWXQLW\ WR LQWHJUDWH
$67$5ZLWKWKHJURXQGEDVHGWRROV7KLVVLPXODWLRQXWLOL]HGDQXQVFULSWHGHQYLURQPHQWDQG
VRPHRIWKHLQLWLDODVVXPSWLRQVPDGHUHJDUGLQJWKHFRPSDWLELOLW\EHWZHHQWKH),0DQGJURXQG
EDVHG WRROVZHUH IRXQG WR EH LQ QHHG RI UHYLVLRQ )RU LQVWDQFH GXULQJ WKH EDWFK VWXG\ LWZDV
DVVXPHGWKDWWDUJHWDLUFUDIWZRXOGIO\ZLWKLQNQRWVRIWKHLUH[SHFWHGSXEOLVKHGVSHHGZKLOHRQ
ILQDODSSURDFKEHFDXVHDOODOORFDWHGGHOD\ZDVVXSSRVHGWREHDEVRUEHGSULRUWRWKHILQDODSSURDFK
+RZHYHUWKHUHZHUHDQXPEHURIFDVHVLQ5$3725ZKHUHWKHVSHHGGHYLDWLRQRQILQDODSSURDFK
ZDVJUHDWHUWKDQNQRWV

 

'XHWRWKHGHVLJQRI$67$5WKHEHKDYLRURIWKH),0DLUFUDIWLVKLJKO\FRXSOHGWRWKHEHKDYLRU
RIWKHWDUJHWDLUFUDIW,IDWDUJHWDLUFUDIWLVVORZHGE\$7&WKH),0DLUFUDIWLVDOVRH[SHFWHGWRVORZ
GRZQ'HSHQGLQJRQWKHSRLQWZKHUHWKHVHGHFHOHUDWLRQVRFFXURQWKHDUULYDOWKH\FDQFDXVHVSHHG
UHYHUVDOVDQGDKLJKIUHTXHQF\RIORZPDJQLWXGHVSHHGFKDQJHVERWKRIZKLFKDUHLQHIILFLHQWDQG
XQGHVLUDEOH

2YHUDOO WKH SLORWV UHSRUWHG WKH),0FRQFHSW SURFHGXUHV RSHUDWLRQV DQG FUHZ LQWHUIDFH WR EH
DFFHSWDEOH+RZHYHUWKHGDWDLQGLFDWHWKDWWKHUHZHUHVRPHLVVXHVZLWKWKHIUHTXHQF\RIVSHHG
FKDQJHVVSHHGUHYHUVDOVDQGORZHUWKDQH[SHFWHGVSHHGVLVVXHGWRWKHWDUJHWDLUFUDIWE\$7&SULRU
WRWKH)$)6RPHRIWKHXQDFFHSWDEOHUDWLQJVIURPWKHSLORWSDUWLFLSDQWVPD\KDYHEHHQLQIOXHQFHG
E\ VLPXODWLRQ DUWLIDFWV LQFOXGLQJGLVSOD\RI WKH WDUJHW DLUFUDIW RQ WKH UXQZD\ FDXVLQJSLORWV WR
SHUFHLYH D VHSDUDWLRQ YLRODWLRQ DQG XQUHDOLVWLF GHFHOHUDWLRQ UDWHV IRU VRPH DLUFUDIW ,QDFFXUDWH
WHPSHUDWXUHPRGHOLQJPD\DOVRKDYHDIIHFWHGWKHVSDFLQJSRVVLEO\UHVXOWLQJLQLQFRUUHFWVSDFLQJ
LQWHUYDOV

 
 
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Appendix A: Simulated Airspace and Scenario Design 


7KH5HVHDUFKDQG3URFHGXUDO7HVWLQJRI5RXWHV5$3725H[SHULPHQWVFHQDULRVFRQVLVWHGRI
DUULYDODLUFUDIWZKLFKLQLWLDOL]HGDWYDULRXVSRLQWVZLWKLQ$OEXTXHUTXH&HQWHU=$%DQG3KRHQL[
6N\+DUERU3+;7HUPLQDO5DGDU$SSURDFK&RQWURO75$&21DLUVSDFH$OOLQERXQGDLUFUDIW
DSSURDFKHGWKH3+;DLUSRUWYLDWKH($*8/),9(DQG0$,(5),9(VWDQGDUGWHUPLQDODUULYDO
URXWHV67$5VDQGODQGHGRQUXQZD\VHH)LJXUH$



















)LJXUH$6LPXODWLRQDLUVSDFH
 
 
KUCOO
070/210
.
. .
.
..
. .
.. .
.
.
.. ..
.
.
.
.
.
GEELA
160/250K MNSTR150/250K HENSN110/250K
LOOSY
090/210K
NIMBY
070/210K LINEA055/180K
PUKRE
080/210K
CABOS
100
SQUEZ
125/250K
.
FINAP
050/180K
DERVL
048/180K
BASSL
065/210K
ESDEE
080/210K
VNNOM
110/250K
HOMRR
120/250K
EAGUL
180/270K
TOMPY
055/180KCACTY
EDDNA
090/210K
HOKEY
100/250K
HUBUB
110/250K
BRUSR
140/250K
... .
 

7KHSULPDU\IRFXVRIWKHH[SHULPHQWZDVRQIRXUSDLUVRIDLUFUDIWFRQGXFWLQJ)OLJKWGHFNEDVHG
,QWHUYDO0DQDJHPHQW),0RSHUDWLRQV(DFKSDLUFRQVLVWHGRIDWDUJHWDQGDIROORZLQJDLUFUDIW
WKDWXVHGWKH),0WRROVDQGSURFHGXUHVWRDFKLHYHDQDVVLJQHGVSDFLQJJRDODWWKHILQDODSSURDFK
IL[ )$) 7KH IRXU ),0 DLUFUDIW LQ WKH H[SHULPHQWZHUH IORZQ E\ VXEMHFW SLORWV XWLOL]LQJ WKH
,QWHJUDWLRQ )OLJKW 'HFN WKH 'HYHORSPHQW DQG 7HVW 6LPXODWRU DQG WZR GXDOFUHZ $LUFUDIW
6LPXODWLRQIRU7UDIILF2SHUDWLRQV5HVHDUFK$6725V7KHIRXUWDUJHWDLUFUDIWZHUHIORZQE\IRXU
UHFHQWO\UHWLUHGFRPPHUFLDODLUOLQHSLORWVXWLOL]LQJIRXUVLQJOHFUHZ$6725V)LYHSVHXGRSLORWV
RSHUDWHG0XOWL$LUFUDIW&RQWURO6\VWHP0$&6SVHXGRSLORW VWDWLRQV WRFRQWURO WKH WUDIILF
DUULYDODLUFUDIW

A.1 Training Scenarios 

3ULRUWRDUULYLQJDW1$6$/DQJOH\5HVHDUFK&HQWHUWKHVXEMHFWSLORWVUHFHLYHGDPLQLPXPRI
PLQXWHVRIFRPSXWHUEDVHGWUDLQLQJLQDGGLWLRQWRD3LORW¶V8VHUV*XLGHRQ),0RSHUDWLRQV$IWHU
WKHLUDUULYDOWKHSLORWVDWWHQGHGDWZRKRXUWUDLQLQJFODVVWRIDPLOLDUL]HWKHPZLWKWKH),0FRQFHSW
RIRSHUDWLRQVWHUPLQRORJ\XVHGIRUYRLFHFRPPXQLFDWLRQVDQGRSHUDWLRQRIWKHUHODWHGHTXLSPHQW
8SRQFRPSOHWLRQRI WKH FODVVURRP WUDLQLQJ WKHSLORWV IOHZILYH WUDLQLQJVFHQDULRVZLWK1$6$
LQVWUXFWRUV7KHILUVWIRXUVFHQDULRVLQFOXGHGRQO\WKH),0DQGWDUJHWDLUFUDIWZLWKRXWDFWLYHDLU
WUDIILFFRQWUROOHUVRU0$&6SVHXGRSLORWV7KHILIWKUXQZDVDIXOO\LQWHJUDWHGVFHQDULRZLWKDOO
SDUWLFLSDQWVLQWKHORRS

A.1.1 Training Scenario #1 

7KHILUVWWUDLQLQJVFHQDULRZDVDQRPLQDOUXQWRSURYLGHSUDFWLFHLQEDVLFRSHUDWLRQDOSURFHGXUHV
%RWKWKHWDUJHWDQGWKH),0DLUFUDIWIOHZWKHVDPHDUULYDOEXWVWDUWHGRQGLIIHUHQWWUDQVLWLRQVVHH
)LJXUH$7KHWDUJHWZDVZLWKLQ$XWRPDWLF'HSHQGHQW6XUYHLOODQFH%URDGFDVW$'6%UDQJH
DWWKHVWDUWRIWKHVFHQDULRDQGUHPDLQHGRQSDWKDQGDWDVWDEOHVSHHGIRUWKHGXUDWLRQRIWKHUXQ


)LJXUH$7UDLQLQJVFHQDULR
MAIER
BRUSR
HEC
DRK
PRFU
BLD
GUP
ZUN
PAYSO
EAGUL
HOMRR
SLIDR
NAVHO
CORKR
NASA02
FIM NASA08Target
KPHX
 

A.1.2 Training Scenario #2 

)RUWKHVHFRQGWUDLQLQJVFHQDULRWKHWDUJHWDLUFUDIWIOHZWKH($*8/DUULYDODQGWKH),0DLUFUDIW
IOHZWKH0$,(5DUULYDODVVKRZQLQ)LJXUH$7KHWDUJHWDLUFUDIWZDVSRVLWLRQHGVXFKWKDWLW
UHPDLQHGRXWVLGHRI$'6%UDQJHIRUDSSUR[LPDWHO\HLJKWPLQXWHV)RUVLPXODWLRQSXUSRVHVWKH
PD[LPXP$'6%UHFHSWLRQ UDQJHZDVDVVXPHG WREH10ZLWKSHUIHFW UHFHSWLRQDW OHVVHU
UDQJHV$IWHUDFWLYDWLQJ WKH ,QWHUYDO0DQDJHPHQW ,0FOHDUDQFH WKHFUHZUHFHLYHGDPHVVDJH
VWDWLQJ³,07DUJHW1R$'6%´XQWLO WKH WDUJHWFORVHG WRZLWKLQ102QFH WKLVSRLQWZDV
UHDFKHGWKHFUHZEHJDQWRUHFHLYHVSHHGFRPPDQGVIURPWKH),0DOJRULWKP




)LJXUH$7UDLQLQJVFHQDULR
MAIER
BRUSR
HEC
DRK
PRFUM
BLD
GUP
ZUN
PAYSO
EAGU
LHOMRR
SLIDR
NAVHO
CORKR
NASA02
FIM
NASA08
Target
KPHX
 

A.1.3 Training Scenario #3 

)RUWKHWKLUGWUDLQLQJVFHQDULRERWKDLUFUDIWVWDUWHGLQWUDLORQWKH($*8/DUULYDODWIOLJKWOHYHO
)/VHH)LJXUH$7KH),0DLUFUDIWZDVSRVLWLRQHGWRRFORVHWRWKHWDUJHWUHTXLULQJ$LU
7UDIILF&RQWURO $7& WRYHFWRU WKHDLUFUDIW IRUVHTXHQFLQJ3ULRU WR UHDFKLQJ6/,'5 WKH),0
DLUFUDIWZDVLQVWUXFWHGWRWXUQGHJUHHVULJKWGHVFHQGWR)/DQGVORZWRNQRWVWRDWWDLQ
VSDFLQJEHKLQG WKHSUHFHGLQJDLUFUDIW$IWHU WKH),0DLUFUDIWFRPSOHWHG WKH WXUQ WKH LQVWUXFWRU
LVVXHGDQ,0FOHDUDQFH6LQFHWKHDLUFUDIWZDVQRORQJHURQWKHSODQQHGDUULYDOWKH),0DOJRULWKP
GLVSOD\HGDQ³2ZQVKLSRIISDWK´HUURUPHVVDJHWRWKHIOLJKWFUHZ1H[WWKHFUHZZDVLQVWUXFWHG
WRSURFHHGGLUHFWWR3$<62WRGHPRQVWUDWHWKHDOJRULWKP¶V'LUHFW7RORJLF:KHQWKHDOJRULWKP
ZDVHQJDJHGSURFHHGLQJIURPDORFDWLRQRIIRIWKHDUULYDOGLUHFWWRDQ\SRLQWRQWKHDUULYDOFDXVHG
WKHDLUERUQHVSDFLQJDOJRULWKPWRFUHDWHDQHZDUULYDOSDWKDQGDOORZLPPHGLDWHSDULQJZLWKWKH
WDUJHW



)LJXUH$7UDLQLQJVFHQDULR
MAIER
BRUSR
HEC
DRK
PRFUM
BLD
GUP
ZUN
PAYSO
EAGUL
HOMRR
SLIDR
NAVHO
CORKR
NASA02
FIM
NASA08
Target
KPHX
 

A.1.4 Training Scenario #4 

)RUWKHIRXUWKWUDLQLQJVFHQDULRERWKDLUFUDIWLQLWLDOL]HGLQWUDLORQWKH($*8/DUULYDODW)/
DVVKRZQLQ)LJXUH$7KHLQVWUXFWRULVVXHGDQ,0FOHDUDQFHIRU1$6$WRIROORZVHFRQGV
EHKLQG1$6$$IWHUWKHDLUFUDIWEHJDQ),0RSHUDWLRQVWKHWDUJHWDLUFUDIWZDVLQVWUXFWHGWRWXUQ
GHJUHHVULJKWIRUVHTXHQFLQJ:KHQWKHWDUJHWGHYLDWHGPRUHWKDQ10RIIRIWKHSODQQHG
DUULYDOSDWKWKH),0DOJRULWKPGLVHQJDJHGDQGGLVSOD\HGD³7DUJHWRIISDWK´HUURUPHVVDJHWRWKH
IOLJKWFUHZ$W WKLVSRLQW WKH WDUJHW DLUFUDIWZDV LQVWUXFWHG WRSURFHHGIURP LWVSUHVHQWSRVLWLRQ
GLUHFWWR($*8/WRGHPRQVWUDWHWKDWWKHDLUERUQHVSDFLQJDOJRULWKPZRXOGUHHQJDJHRQFHWKH
WDUJHWZDVDJDLQSRVLWLRQHGZLWKLQ10RIWKHSODQQHGDUULYDOSDWK$UHYLVHGVSDFLQJJRDORI
VHFRQGVZDVDOVRLVVXHGWRWKH),0FUHZWRDOORZWKHPWRSUDFWLFHFOHDUDQFHDPHQGPHQWV



)LJXUH$7UDLQLQJVFHQDULR
 

MAIER
BRUSR
HEC
DRK
PRFUM
BLD
GUP
ZUN
PAYSO
EAGUL
HOMRR
SLIDR
NAVHO
CORKR
NASA02
FIM
NASA08
Target
KPHX
 

A.1.5 Training Scenario #5 

7KHODVWWUDLQLQJVFHQDULRZDVDIXOO\LQWHJUDWHGUXQZLWKWKHVXEMHFWSLORWVSVHXGRSLORWVDQGDLU
WUDIILFFRQWUROOHUVLQWKHORRS7KLVUXQZDVWKHVDPHDVWKH5$3725GDWDFROOHFWLRQZLQG
VFHQDULRH[FHSWWKDWWKHVWDUWLQJSRVLWLRQVIRUWKH),0DLUFUDIWZHUHVFUDPEOHGVRWKDWWKHFUHZV
IOHZDGLIIHUHQWDUULYDOZLWKDGLIIHUHQWWDUJHWWKDQGXULQJWKHGDWDFROOHFWLRQUXQ6WDUWLQJSRVLWLRQV
IRUWKHVXEMHFWDLUFUDIWDUHVKRZQLQ)LJXUH$ZLWKWKHWDUJHWDQG),0DLUFUDIWSDLUVLQGLFDWHGE\
PDWFKLQJFRORUVRQWKHFDOOVLJQODEHOV


)LJXUH$7UDLQLQJVFHQDULRLQLWLDOSRVLWLRQVDQG),0SDLUV

MAIER
BRUSR
HEC
DRK
PRFUM
BLD
GUP
ZUNPAYSO
EAGUL
HOMR
SLIDR
NAVHO
CORKR
NASA01
FIM
NASA77
Target
NASA71
Target
NASA02
FIM
NASA05
FIM
NASA78
Target
NASA06
FIM
NASA79
Target
KPHX
 

A.2 Data Collection Scenarios 

'XULQJ SODQQLQJ IRU WKH 5$3725 H[SHULPHQW VHYHUDO GLIIHUHQW VFHQDULRV ZHUH GHVLJQHG DQG
WHVWHG7ZRVFHQDULRVZHUHVHOHFWHGIRUWKHILQDOGDWDFROOHFWLRQUXQVEDVHGRQWKH:HVWIORZWUDIILF
UHFRUGHGDW3+;RQDWZLWKWKHDQGZLQGV7KH),0
SDLULQJVZHUHFKRVHQE\UXQQLQJD0$&6VFHQDULRJHQHUDWHGIURPWKHOLYHWUDIILFUHFRUGLQJWR
REVHUYH KRZ7UDIILF0DQDJHPHQW$GYLVRUZLWK 7HUPLQDO0HWHULQJ 70$70 VFKHGXOHG WKH
DUULYDOVHTXHQFH7KH),0SDLUVZHUHWKHQVHOHFWHGIURPWKHDUULYDOVWUHDPWRSURYLGHDVDPSOLQJ
RI GLIIHUHQW WDUJHWIROORZLQJ DLUFUDIW W\SHVZLWK VWDUWLQJ SRVLWLRQVZLWKLQ D IHZPLQXWHV RI WKH
70$70IUHH]HKRUL]RQ7KHVHOHFWHGSDLUVZHUHFRQYHUWHGIURP0$&6DLUFUDIWWR$6725VWR
WDNHDGYDQWDJHRIWKH$6725¶VKLJKHUILGHOLW\IOLJKWPRGHODQGSURYLGHKXPDQSLORWHGWDUJHWVIRU
WKHIRXUVXEMHFW),0DLUFUDIW

A.2.1 Wind 01/10 Scenario 

7KH5$3725ZLQGVFHQDULRLQFOXGHGYHU\VWURQJZLQGFRQGLWLRQVDWDOWLWXGHDQGOLJKWWR
PRGHUDWHZLQGDWWKHDLUSRUW70$70VFKHGXOLQJGHOD\VIRUWKHWDUJHW),0DLUFUDIWUDQJHGIURP
WZRWRQHDUO\ILYHPLQXWHV6WDUWLQJSRVLWLRQVIRUWKHVXEMHFWDLUFUDIWDUHVKRZQLQ)LJXUH$7KH
WDUJHWDQG),0DLUFUDIWIRUHDFKSDLUDUHLQGLFDWHGE\PDWFKLQJFRORUVRQWKHFDOOVLJQODEHOVLQWKH
GLDJUDP

)LJXUH$:LQGVFHQDULRLQLWLDOSRVLWLRQVDQG),0SDLUV
 
 
NASA05
FIM
NASA06
FIM
NASA77
Target
NASA71
Target
NASA79
TargetNASA01
FIM
NASA02
FIM
NASA78
Target
 

A.2.2 Wind 06/12 Scenario 

7KH5$3725ZLQGVFHQDULRLQFOXGHGPRGHUDWHZLQGVDWDOWLWXGHZLWK70$70VFKHGXOH
GHOD\V UDQJLQJ IURPVHFRQGV WR WKUHHPLQXWHV6WDUWLQJSRVLWLRQV IRU WKH VXEMHFWDLUFUDIWDUH
VKRZQLQ)LJXUH$7KHWDUJHWDQG),0DLUFUDIWIRUHDFKSDLUDUHLQGLFDWHGE\PDWFKLQJFRORUV
RQWKHFDOOVLJQODEHOVLQWKHGLDJUDP


)LJXUH$:LQGVFHQDULRLQLWLDOSRVLWLRQVDQG),0SDLUV
 
 


 
NASA01
FIMNASA78
Target
NASA02
FIM
NASA79
Target
NASA05
FIM
NASA77
Target
NASA06
FIM
NASA71
FIM
 

Appendix B: Experiment Schedule and Run Order 


(DFKWZRSHUVRQFUHZZLWKERWKPHPEHUVHPSOR\HGE\WKHVDPHDLUOLQHSDUWLFLSDWHGLQDWZR
GD\H[SHULPHQWVHVVLRQ(YHU\FUHZIOHZHDFKVFHQDULRWZLFH±RQFHZLWKWKHFDSWDLQDVWKHSLORW
IO\LQJ3)DQGWKHILUVWRIILFHUDVWKHSLORWPRQLWRULQJ30DQGRQFHZLWKWKHILUVWRIILFHUDVWKH
3)DQGWKHFDSWDLQDVWKH307KHUHIRUHHDFKFUHZIOHZDWRWDORIIRXUH[SHULPHQWUXQV6LQFH
HDFKSLORWIOHZHDFKVFHQDULRWKLVZDVDZLWKLQVXEMHFWH[SHULPHQWGHVLJQ&RXQWHUEDODQFLQJZDV
XVHGWRGHWHUPLQHWKHUXQRUGHURIWKHVFHQDULRVDQGWKHSLORWVVZLWFKHGUHVSRQVLELOLWLHVEHWZHHQ
UXQVUHVXOWLQJLQWKHUXQRUGHUVKRZQLQ7DEOH%


7DEOH%([SHULPHQWUXQRUGHU

5XQ 6FHQDULR 3)DQG30
5XQ :LQG &DSWDLQDV3)DQG)LUVW2IILFHUDV30
5XQ :LQG )LUVW2IILFHUDV3)DQG&DSWDLQDV30
5XQ :LQG &DSWDLQDV3)DQG)LUVW2IILFHUDV30
5XQ :LQG )LUVW2IILFHUDV3)DQG&DSWDLQDV30


2QHJURXSRIILYHUHFHQWO\UHWLUHGDLUWUDIILFFRQWUROOHUVVHUYHGDVFRQIHGHUDWHFRQWUROOHUVDFWLYHO\
FRQWUROOLQJWKHDLUFUDIW7KLVLQFOXGHGWZR&HQWHUFRQWUROOHUV=$%6HFWRUVDQGRQH3+;
)HHGHUFRQWUROOHURQH3+;)LQDOFRQWUROOHUDQGRQH*KRVWFRQWUROOHU$OOFRQWUROOHUVZHUHWUDLQHG
DW1$6$$PHV5HVHDUFK&HQWHU LQ WKH XVH RI WKH JURXQGEDVHG WRROV DQG KDG SDUWLFLSDWHG LQ
SUHYLRXV$7'H[SHULPHQWV7KH&HQWHUDQG*KRVWFRQWUROOHUVURWDWHGSRVLWLRQVEHWZHHQUXQVDV
VKRZQLQ7DEOH%


7DEOH%5RWDWLRQRIFRQWUROOHUV

5XQ *KRVW &HQWHU6HFWRU &HQWHU6HFWRU )HHGHU )LQDO
5XQ $ % & ' (
5XQ % & $ ' (
5XQ & $ % ' (
5XQ $ % & ' (


(DFKSLORWSDUWLFLSDWHGLQDWZRGD\H[SHULPHQWVHVVLRQZLWKWKHVFKHGXOHVKRZQLQ)LJXUH%
7KHSLORWSDUWLFLSDQWV UHFHLYHG WUDLQLQJPDWHULDO DQGDFFHVV WRFRPSXWHUEDVHG WUDLQLQJSULRU WR
DUULYLQJ DW 1$6$ /DQJOH\ 5HVHDUFK &HQWHU 7KH\ DOVR UHFHLYHG DSSUR[LPDWHO\ VL[ KRXUV RI
FODVVURRP DQG KDQGVRQ WUDLQLQJ DIWHU DUULYDO LQFOXGLQJ IO\LQJ ILYH WUDLQLQJ VFHQDULRV SULRU WR
FRPPHQFLQJGDWDFROOHFWLRQ7KHILUVWGD\RIWKHH[SHULPHQWVHVVLRQEHJDQZLWKFODVVURRPDQG
 

KDQGVRQWUDLQLQJDQGWKHQRQHGDWDFROOHFWLRQIOLJKWZDVFRQGXFWHG7KHVHFRQGGD\FRQVLVWHGRI
WKH UHPDLQLQJ GDWD FROOHFWLRQ IOLJKWV IROORZHG E\ D SRVWH[SHULPHQW TXHVWLRQQDLUH DQG JURXS
GHEULHI VHVVLRQ 3LORWV DOVR FRPSOHWHG SRVWUXQ H[SHULPHQW TXHVWLRQQDLUHV IROORZLQJ HDFK GDWD
FROOHFWLRQUXQ3RVWUXQDQGSRVWH[SHULPHQWTXHVWLRQQDLUHVZHUHDGPLQLVWHUHGWRDQGIHHGEDFN
ZDVFROOHFWHGIURPWKHFRQIHGHUDWHFRQWUROOHUV


)LJXUH%'DLO\H[SHULPHQWVFKHGXOH
 
'D\  'D\
,QWUR%ULHI  'DWD&ROOHFWLRQ5XQ
&ODVVURRP7UDLQLQJ  'DWD&ROOHFWLRQ5XQ
7UDLQLQJ6FHQDULRV  /XQFK
/XQFK  'DWD&ROOHFWLRQ5XQ
7UDLQLQJ6FHQDULRV  3RVW([SHULPHQW4XHVWLRQQDLUH
'DWD&ROOHFWLRQ5XQ  'HEULHI
  
 
Appendix C: FIM Crew Interface and Procedures 



C.1 Overview of Interface and Procedures 

7KHSURWRW\SH)OLJKWGHFNEDVHG,QWHUYDO0DQDJHPHQW),0FUHZLQWHUIDFHFRQVLVWVRIWZRVLGH
PRXQWHGHOHFWURQLFIOLJKWEDJV()%DQGFRQILJXUDEOHJUDSKLFVGLVSOD\&*'GHYLFHVPRXQWHG
RQWKHOHIWDQGULJKWRXWERDUGSDQHOVLQWKHSLORW¶VIRUZDUGILHOGRIYLHZ3LORWVXVHWKH()%IRU
GDWDHQWU\DVZHOODVWRDFWLYDWHDPHQGVXVSHQGUHVXPHDQGFDQFHOWKH),0RSHUDWLRQZKLOHWKH
&*'LVXVHGIRUFRQIRUPDQFHPRQLWRULQJ

7KH&*'GLVSOD\VILYHSLHFHVRILQIRUPDWLRQLQWKHSLORW¶VIRUZDUGILHOGRIYLHZVHH)LJXUH&


 &0' 63' GLVSOD\V WKH ,QWHUYDO
0DQDJHPHQW,0FRPPDQGHGVSHHG
LQ0DFKRUNQRWV:KHQDQ,0VSHHG
FKDQJHRFFXUVWKHVSHHGLVVKRZQLQ
UHYHUVH YLGHR IRU  VHFRQGV ,I WKH
SLORW GRHV QRW UHVSRQG ZLWKLQ 
VHFRQGVWKHFRPPDQGHGVSHHGEOLQNV
XQWLO WKH VSHHG LV VHW LQ WKH 0RGH
&RQWURO3DQHO0&3

 7KH VWDWXV ER[ GLVSOD\V WKH FXUUHQW
VWDWXV RI WKH ),0 RSHUDWLRQ
&$/&8/$7,1* 63$&,1* RU
6863(1'('

 7KH WDUJHW DLUFUDIW FDOO VLJQ LV
GLVSOD\HGZKHQUHFHLYLQJ$XWRPDWLF
'HSHQGHQW 6XUYHLOODQFH ±%URDGFDVW
$'6%LQIRUPDWLRQ

 7KH)DVW  6ORZ LQGLFDWRU GLVSOD\V WKH GLIIHUHQFH EHWZHHQ WKH DFWXDO DQG LQVWDQWDQHRXV
,QWHUYDO0DQDJHPHQW,0FRPPDQGHGDLUVSHHG'XULQJGHFHOHUDWLRQWKLVYDOXHPD\EH
XVHGWRVHHKRZFORVHO\WKH),0DLUFUDIWLVWRWKHGHVLUHGGHFHOHUDWLRQUDWH

 6\VWHPFDXWLRQDQGLQIRUPDWLRQPHVVDJHVDUHGLVSOD\HGLQWKHPHVVDJHER[

)LJXUH&,QIRUPDWLRQHOHPHQWVGLVSOD\HG
RQWKH&*'
  
 




7KH()%HQDEOHVGDWDHQWU\DQGGLVSOD\VWKHLQIRUPDWLRQVKRZQLQ)LJXUH&

 &0'63'GLVSOD\VWKHFXUUHQW,0FRPPDQGHGVSHHGWKHDLUFUDIWVKRXOGIO\LQRUGHUWR
DFKLHYHWKHVSDFLQJJRDO

 7KH)DVW6ORZLQGLFDWRUGLVSOD\VVSHHGFRQIRUPDQFHLQIRUPDWLRQ7KHGHYLDWLRQRIWKH
DFWXDOVSHHGIURPWKHLQVWDQWDQHRXVFRPPDQGHGVSHHGLVVKRZQ

 7KHVWDWXVER[GLVSOD\VWKHFXUUHQWVWDWXVRIWKH,0RSHUDWLRQLQFOXGLQJ&$/&8/$7,1*
63$&,1*DQG6863(1'('

 7KHPHVVDJHER[GLVSOD\VFDXWLRQDQGLQIRUPDWLRQPHVVDJHVJHQHUDWHGE\WKH),0V\VWHP

 7KH6LWXDWLRQ'LVSOD\VKRZVWKHORFDWLRQRIWKHWDUJHWDQGRWKHU$'6%RXWDLUFUDIW7KH
RZQVKLSDLUFUDIWLVVKRZQDVDZKLWHWULDQJOHFHQWHUHGLQWKHGLVSOD\7KHWDUJHWDLUFUDIWLV
VKRZQ DV WZR FKHYURQV ZLWK WKH LQQHU FKHYURQ ZKLWH DQG WKH RXWHU JUHHQ 7KH WDUJHW
DLUFUDIW¶VLQIRUPDWLRQEORFNLVDOVRGLVSOD\HGZLWKFDOOVLJQDQGDOWLWXGHLQIRUPDWLRQ2WKHU
$'6%RXWDLUFUDIWDUHVKRZQDVEOXHFKHYURQV

)LJXUH&,QIRUPDWLRQHOHPHQWVGLVSOD\HGRQWKH()%
  
 
 2:1,1)2DOORZVWKHSLORWWRHQWHURZQVKLSLQIRUPDWLRQLQWRWKH),0V\VWHP

 1H[W:D\SRLQWGLVSOD\VWKHQH[WZD\SRLQWRQWKHDUULYDOWKDWWKHDLUFUDIWZLOOIO\RYHU7KLV
ILHOGLVIRULQIRUPDWLRQRQO\DQGFDQQRWEHPRGLILHGE\WKHSLORW

 'HVFHQW)RUHFDVW:LQGVDOORZVWKHSLORWWRHQWHUXSWRHLJKWDOWLWXGHZLQGVIRUWKHDUULYDO
7KLVLQIRUPDWLRQPD\EHHQWHUHGPDQXDOO\RUXSORDGHGZLWKDQ$LUFUDIW&RPPXQLFDWLRQV
$GGUHVVLQJ DQG 5HSRUWLQJ 6\VWHP $&$56 RU &RQWUROOHU3LORW 'DWD /LQN
&RPPXQLFDWLRQV&3'/&PHVVDJH

 ,0*2$/DOORZVWKHSLORWWRHQWHUWKHDVVLJQHGVSDFLQJJRDO

 7*7$&)7DOORZVWKHSLORWWRVHOHFWDQGLGHQWLI\WKHWDUJHWDLUFUDIWWRVSDFHEHKLQG

 7*7 57( DOORZV WKH SLORW WR HQWHU WKH WDUJHW DLUFUDIW¶V DUULYDO URXWLQJ WUDQVLWLRQ DQG
DSSURDFKVRWKDWWKH),0V\VWHPNQRZVWKHWDUJHW¶VJURXQGWUDFN

 8VLQJWKH=220,1DQG=220287EXWWRQVFKDQJHVWKHUDQJHRQWKH()%¶VVLWXDWLRQ
GLVSOD\

 7KHEH]HOEXWWRQVRQWKHWRSRIWKH()%
x 0(18GLVSOD\VWKH()%VRIWZDUH¶V0DLQ0HQX
x %$&.UHWXUQVWRSUHYLRXVPDLQSDJH
x 3*83DQG3*'1F\FOHVWKURXJKSDJHVLIPRUHWKDQRQHLVQHHGHGWRGLVSOD\
LQIRUPDWLRQ
x ;)5LVLQRSHUDWLYH
x (17(5EXWWRQHQWHUVLQSXWWHGLQIRUPDWLRQLQWRWKH),0V\VWHP
 

7KH),0V\VWHPSURYLGHVFRPPDQGHGVSHHGV IRU WKHSLORW WR IO\ LQRUGHU WRDFKLHYH DSUHFLVH
LQWHUYDOEHKLQGWKHWDUJHWDLUFUDIWWRWKHILQDODSSURDFKIL[)$)3LORWDFWLRQVDUHHVVHQWLDOO\WKH
VDPHDVIRUFXUUHQWGD\RSHUDWLRQV+HRUVKHIOLHVWKHFRPPDQGHGVSHHGVZKLOHPDLQWDLQLQJWKH
YHUWLFDOSURILOHWRPHHWDOOUHVWULFWLRQV7KHPDLQGLIIHUHQFHLVWKDWWKHFRPPDQGHGVSHHGVFRPH
IURPWKH),0DYLRQLFVLQVWHDGRIWKHFRQWUROOHU

,I$LU7UDIILF&RQWURO$7&H[SHFWVWKHSLORWWRIO\),0SURFHGXUHVWKHFRQWUROOHUZLOOLVVXHDQ
,0FOHDUDQFH7KLVFOHDUDQFHZLOOFRQWDLQWKHVSDFLQJLQWHUYDOWRDFKLHYHWKHWDUJHWDLUFUDIW¶VFDOO
VLJQDQGWKHWDUJHWDLUFUDIW¶VDUULYDOURXWLQJ$QDLUFUDIWLVFRQVLGHUHGSDLUHGZLWKDWDUJHWDLUFUDIW
RQFHYDOLG$'6%LQIRUPDWLRQIURPWKDWWDUJHWDLUFUDIWLVUHFHLYHGDQGDFRPPDQGHGDLUVSHHGLV
GLVSOD\HG2QFHSDLUHGZLWKDWDUJHWDLUFUDIWDQ,0FRPPDQGHGVSHHGLVJHQHUDWHGIRUWKHSLORWWR
IO\WKDWZLOODFKLHYHWKHDVVLJQHGVSDFLQJJRDOZKHQWKHDLUFUDIWFURVVHVWKH)$)7KHV\VWHPLV
GHVLJQHGIRUOLPLWHGDLUVSHHGFKDQJHVDQGWRFRQIRUPDVFORVHO\DVSRVVLEOHWRDQ2SWLPL]HG3URILOH
'HVFHQW23'$WDLUSRUWVVDWXUDWHGZLWKDUULYDODLUFUDIWWKHJUHDWHVWFDSDFLW\EHQHILWVPD\EH
UHDOL]HGE\KDYLQJVHTXHQFHVRIDLUFUDIWRSHUDWLQJLQ,0PRGHZLWKHDFKDLUFUDIWDFWLYHO\VSDFLQJ
EHKLQGWKHDLUFUDIWDKHDGRILW

  
 
6SHHGJXLGDQFHLVGLVSOD\HGRQWKH()%LQWKH&0'63'EORFNDQGLVGXSOLFDWHGRQWKH&*'
ORFDWHGLQWKHSLORW¶VIRUZDUGILHOGRIYLHZ7KHDLUFUDIW¶VDLUVSHHGLVFRQWUROOHGE\VHWWLQJWKH,0
FRPPDQGHGVSHHGLQWKH0&3VSHHGZLQGRZ7KHSLORWIO\LQJZLOOIO\WKHDUULYDODQGLQVWUXPHQW
DSSURDFKRQDXWRSLORW7KHXVHRIWKHDXWRSLORWV\VWHPUHGXFHVSLORWZRUNORDGDQGDOORZVSUHFLVH
VSDFLQJ LQWHUYDOV WR EH HVWDEOLVKHG )RU DPDMRULW\ RI WKH GHVFHQW WKH DLUFUDIWZLOO GHVFHQG LQ
YHUWLFDO QDYLJDWLRQ 91$9 63'PRGHZLWK WKH WKURWWOHV LQ WKH+2/'PRGH 7R HQVXUH WKH
SUHGLFWDELOLW\RIYHUWLFDOSDWKVGXULQJ),0RSHUDWLRQVIOLJKWFUHZVZLOOEHUHTXLUHGWRPRGXODWH
WKUXVWDQGGUDJWRVWD\RQWKH,0VSHHGSURILOHDQGWKH23'SDWK7KHDLUFUDIWZLOOSLWFKWRPDLQWDLQ
WKHVSHHGZLQGRZ¶VVHWVSHHG7KURWWOHVDQGGUDJGHYLFHVZLOOEHXVHGWRQRPLQDOO\PDLQWDLQWKH
DLUFUDIWZLWKLQIHHWRIWKH91$9SDWK$IWHUFURVVLQJWKH)$),0VSHHGJXLGDQFHZLOOEH
UHPRYHGIURPWKHGLVSOD\DQGWKHSLORWZLOOFRQILJXUHWKHDLUFUDIWIRUODQGLQJ

$QRYHUYLHZRIWKHSURFHGXUHVWRSHUIRUP,0RSHUDWLRQVLVDVIROORZV
 3URJUDPIOLJKWPDQDJHPHQWFRPSXWHU)0&ZLWKDUULYDOURXWLQJ91$9GHVFHQWDQG
IRUHFDVWZLQGV7XQHUDGLRV
 /RDGRZQVKLSLQIRUPDWLRQLQWR()%
 /RDGGHVFHQWIRUHFDVWZLQGVLQWR()%
 /RDGDVVLJQHGVSDFLQJJRDOLQWR()%
 /RDGWDUJHWDLUFUDIWFDOOVLJQLQWR()%
 /RDGWDUJHWDLUFUDIWDUULYDOURXWLQJLQWR()%
 $FWLYDWH,0LQ()%
 )O\,0FRPPDQGHGDLUVSHHGRQDUULYDOZKLOHPDLQWDLQLQJ91$9SDWK
 $W)$)FRQILJXUHDLUSODQHIRUODQGLQJ

'HWDLOVRQORDGLQJLQIRUPDWLRQLQWRWKH()%DVZHOODVWKHDFWLYDWLRQVXVSHQVLRQUHVXPSWLRQ
DQGFDQFHOODWLRQRI),0RSHUDWLRQVDUHSURYLGHGEHORZ


  
 
C.2 Load Ownship Information into EFB 

2ZQVKLS LQIRUPDWLRQ LV W\SLFDOO\ SURJUDPPHG HDUOLHU LQ WKH IOLJKW )LJXUHV & WKURXJK &
LOOXVWUDWHWKHSURFHGXUHIRUORDGLQJWKHRZQVKLSURXWHLQIRUPDWLRQLQWRWKH()%




3UHVVWKH2:1,1)2EXWWRQWRHQWHUWKHRZQVKLSURXWH
LQIRUPDWLRQ










)LJXUH&/RDGRZQVKLSLQIRUPDWLRQ





(QWHULQIRUPDWLRQLQWRWKHVFUDWFKSDGDQGORDGLQWR WKH
ILHOGV

&5=$/77KUHHQXPEHUYDOXHHJ IRUH[SHFWHG
DOWLWXGHDW7RSRI'HVFHQW72'

&5=0$&+7ZRQXPEHUYDOXHHJIRUH[SHFWHG
0DFKZLWKLQPLOHVRI72'

'(60$&+&$67ZRQXPEHUVODVKWKUHHQXPEHUYDOXH
HJIRUGHVFHQW0DFKDQGFURVVRYHU&$6




)LJXUH&/RDGRZQVKLSFUXLVHDOWLWXGHFUXLVH0DFKDQGGHVFHQW0DFK&$6WUDQVLWLRQ

 







(QWHU WKH DUULYDO DLUSRUW¶V ,&$2 LGHQWLILHU LQ WKH
'(67$,53257EORFN7KHQ WKH2:16+,357(
EXWWRQZLOODSSHDU3UHVVWKH2:16+,357(EXWWRQ
WR LQSXW WKH RZQVKLS¶V DUULYDO WUDQVLWLRQ DQG
DSSURDFKWRWKHDLUSRUW









)LJXUH&/RDGWKHRZQVKLSDUULYDODLUSRUW








6HOHFW WKH DUULYDO WUDQVLWLRQ DQG DSSURDFK E\
WRXFKLQJWKHVFUHHQRUXVLQJWKHEH]HOEXWWRQV7KH
5(6(7 EXWWRQ PD\ EH SUHVVHG WR VWDUW RYHU LI D
PLVWDNHZDVPDGH7KH(17(5EXWWRQZLOODSSHDU
ZKHQ DOO WKH LQIRUPDWLRQ LV VHOHFWHG 3UHVV WKH
(17(5EXWWRQWRILQLVKLQSXWWLQJWKHRZQVKLSURXWH
LQIRUPDWLRQDQGUHWXUQ WKH()%WR WKH2:16+,3
,1)2SDJH







)LJXUH&/RDGWKHRZQVKLSDUULYDOWUDQVLWLRQDQGDSSURDFKWRWKHDLUSRUW

 






5RXWH QRZ DSSHDUV LQ WKH 2:16+,3 57( EORFN
2QFHDOOUHTXLUHGLQIRUPDWLRQLVHQWHUHGDQ(17(5
EXWWRQDSSHDUV3UHVVWKH(17(5EXWWRQWRLQSXWWKH
LQIRUPDWLRQ DQG UHWXUQ WKH ()% WR WKH ,QWHUYDO
0DQDJHPHQW0DLQ3DJH









)LJXUH&(QWHUWKHRZQVKLSURXWHLQIRUPDWLRQ










2:1,1)2EORFNGLVSOD\VRZQVKLSURXWHWRLQGLFDWH
WKDWRZQVKLSLQIRUPDWLRQKDVEHHQHQWHUHG










)LJXUH&,QWHUYDO0DQDJHPHQW0DLQ3DJHZLWKRZQVKLSURXWHLQIRUPDWLRQ

 
C.3 Load Descent Forecast Winds into EFB 

)RU),0RSHUDWLRQVWRZRUNHIILFLHQWO\DFFXUDWHZLQGLQIRUPDWLRQPXVWEHDYDLODEOH,QSUDFWLFH
WKLVZLQGIRUHFDVWZLOOEHSURYLGHGE\WKHDLUFUDIW¶VFRPSDQ\DQGZLOOEHDWDOWLWXGHVWKDWKDYH
PDMRUZLQGVKLIWV7KHZLQGLQIRUPDWLRQPD\EHXSORDGHGRUHQWHUHGPDQXDOO\DVLOOXVWUDWHGLQ
)LJXUHV&WKURXJK&





3UHVVWKH'(6)&67:,1'6EORFNWRHQWHUWKH
GHVFHQWIRUHFDVWZLQGV




)LJXUH&/RDGWKHGHVFHQWIRUHFDVWZLQGV




(QWHU WKH DOWLWXGH LQWR WKH VFUDWFKSDG 7KUHH
QXPEHUYDOXHVZLOOEHLQWHUSUHWHGDV)OLJKW/HYHOV
ZKLOHIRXUDQGILYHQXPEHUYDOXHVZLOOEHHQWHUHG
DV06/DOWLWXGHV(QWHUWKHYDOXHE\SUHVVLQJWKH
DOWLWXGH EORFN RU WKH DGMDFHQW EH]HO EXWWRQ 7KH
%.63 EXWWRQ ZLOO HUDVH RQH QXPEHU ZKLOH WKH
&/5EXWWRQZLOO FOHDU WKHZKROH VFUDWFKSDG7R
GHOHWHDYDOXHDOUHDG\ORDGHGLQWRWKHILHOGSUHVV
WKH'(/(7(EXWWRQDQGWKHQWKHGHVLUHGILHOG

(QWHUWKHGLUHFWLRQDQGVSHHGYDOXHVVHSDUDWHGE\
DVODVK(QWHUWKHYDOXHE\SUHVVLQJWKHDVVRFLDWHG
',563(('EORFNRUWKHDGMDFHQWEH]HOEXWWRQ

3UHVVWKH(17(5NH\ORFDWHGRQWKHWRXFKVFUHHQ
RUWKHWRSRIWKH()%WRUHWXUQWRWKH()%,QWHUYDO
0DQDJHPHQW0DLQ3DJH


)LJXUH&/RDGWKHZLQGGLUHFWLRQVSHHGDQGDOWLWXGHV
 
  
 

7KHUHDUHWZR'HVFHQW)RUHFDVW:LQGV3DJHV
DOORZLQJDWRWDORIHLJKWDOWLWXGHZLQGVIRUWKH
GHVFHQW WR EH HQWHUHG 8VH WKH 3*83 DQG
3*'1EXWWRQVORFDWHGRQWKHWRSRIWKH()%
WRVZLWFKEHWZHHQSDJHV

)LJXUH&6ZLWFKEHWZHHQSDJHVRQWKH()%



C.4 Load Assigned Spacing Goal and Target Aircraft Information into EFB 

$QH[DPSOHRIDQ,0FOHDUDQFHLVVXHGE\$7&RYHUWKHUDGLRLVJLYHQEHORZ

‘NASA 12, when able space 90 seconds behind Delta Alpha Lima 877 on EAGUL 
5 Zuni Transition. Report paired.’

)LJXUHV&WKURXJK&LOOXVWUDWHWKHSURFHGXUHIRUORDGLQJWKHDVVLJQHGVSDFLQJJRDOWDUJHW
DLUFUDIWFDOOVLJQDQGWDUJHWDLUFUDIWDUULYDOURXWLQJLQIRUPDWLRQSURYLGHGLQWKHFOHDUDQFH



3UHVVWKH,0*2$/EXWWRQWRHQWHUWKHDVVLJQHG
VSDFLQJJRDO





)LJXUH&/RDGWKHDVVLJQHGVSDFLQJJRDO
 
 
 











(QWHUYDOXHLQVFUDWFKSDGDQGWKHQSUHVV(17(5

,0*2$/7ZRQXPEHUYDOXHHJ








)LJXUH&(QWHUWKHDVVLJQHGVSDFLQJJRDO





7KH,0*2$/QRZVKRZVVHFRQGV7RHQWHUWKH
WDUJHWDLUFUDIWFDOOVLJQSUHVVWKH7*7$&)7EORFN
RQ WKH WRXFKVFUHHQ RU WKH EH]HO EXWWRQ ORFDWHG
EHVLGHLW



)LJXUH&/RDGWKHWDUJHWDLUFUDIWFDOOVLJQ



 
 
 



7KH7DUJHW$LUFUDIWSDJHOLVWVDOOWKHDLUFUDIWZLWKLQ
$'6% UDQJH VRUWHG DOSKDEHWLFDOO\ ,I WKHUH DUH
PRUHDLUFUDIW WKDQFDQ ILWRQRQHSDJH WKH3*83
DQG3*'1EXWWRQV FDQ EH XVHG 6HOHFW WKH WDUJHW
DLUFUDIW E\ HLWKHU SUHVVLQJ RQ WKH WRXFKVFUHHQ RU
SUHVVLQJWKHEH]HOEXWWRQORFDWHGEHVLGHLW

2QFH D FDOO VLJQ LV VHOHFWHG WKH (17(5 DQG
&/($5 EXWWRQV ZLOO EH DFWLYH 3UHVVLQJ WKH
&/($5EXWWRQZLOOFOHDUWKHVHOHFWLRQ3UHVVLQJWKH
(17(5EXWWRQZLOOHQWHUWKHFDOOVLJQLQWRWKH),0
V\VWHPDQGUHWXUQWRWKH,QWHUYDO0DQDJHPHQW0DLQ
3DJH





)LJXUH&6HOHFWWKHWDUJHWDLUFUDIWFDOOVLJQIURPWKHOLVWRIDLUFUDIWZLWKLQ$'6%UDQJH






,IWKHWDUJHWDLUFUDIWLVQRWLQ$'6%UDQJHWKHSLORW
PD\HQWHU LWPDQXDOO\E\ SUHVVLQJ WKH0$18$/
EXWWRQ













)LJXUH&0DQXDOO\ORDGWKHWDUJHWDLUFUDIWFDOOVLJQ
 
 









(QWHUWKHFDOOVLJQRIWKHWDUJHWDLUFUDIW7KHLQSXW
FDQEHFOHDUHGE\XVLQJWKH&/5EXWWRQORFDWHGRQ
WKH ERWWRP URZ RI WKH NH\ERDUG 7KH &$1&(/
EXWWRQZLOOFDQFHOWKHLQSXWDQGUHWXUQWRWKH7DUJHW
$LUFUDIW 3DJH 3UHVVLQJ WKH (17(5 EXWWRQ ZLOO
HQWHUWKHFDOOVLJQLQWRWKH),0V\VWHPDQGUHWXUQWR
WKH,QWHUYDO0DQDJHPHQW3DJH

 






)LJXUH&0DQXDOO\HQWHUWKHWDUJHWDLUFUDIWFDOOVLJQ





7KH WDUJHW DLUFUDIW FDOO VLJQ LV QRZ VKRZQ LQ WKH
7*7 $&)7 EORFN 7R HQWHU WKH WDUJHW DLUFUDIW¶V
URXWHSUHVVWKH7*757(EORFNRUWKHEH]HOEXWWRQ
ORFDWHGEHVLGHLW



)LJXUH&/RDGWKHWDUJHWDLUFUDIWURXWHLQIRUPDWLRQ
 
 
 






6HOHFW WKH WDUJHW DLUFUDIW¶V DUULYDO WUDQVLWLRQ DQG
DSSURDFKLQWKHVDPHPDQQHUDVWKHRZQVKLSURXWH
LQIRUPDWLRQZDVVHOHFWHG


2QFH DOO LWHPV DUH VHOHFWHG DQ (17(5 EXWWRQ
DSSHDUV 3UHVV WKH (17(5 EXWWRQ WR LQSXW WKH
WDUJHW DLUFUDIW¶V URXWH LQWR WKH ),0 V\VWHP DQG
UHWXUQ WR WKH PDLQ ,QWHUYDO 0DQDJHPHQW 0DLQ
3DJH





)LJXUH&6HOHFWWDUJHWDLUFUDIWURXWHLQIRUPDWLRQ






7KHWDUJHWDLUFUDIW¶VDUULYDODQGWUDQVLWLRQLVVKRZQ
LQWKH7*757(EORFN


)LJXUH&,QWHUYDO0DQDJHPHQW0DLQ3DJHZLWKDVVLJQHGVSDFLQJJRDOWDUJHWDLUFUDIWFDOO
VLJQDQGWDUJHWDLUFUDIWURXWHLQIRUPDWLRQ
 
 
 

C.5 Activate IM System 
:KHQDOOWKHUHTXLUHGLQIRUPDWLRQKDVEHHQHQWHUHGLQWRWKH),0V\VWHPWKH$&7,9$7(EXWWRQ
RQ WKH ()%ZLOO EHFRPH VHOHFWDEOH DV VKRZQ LQ )LJXUH&2QFH WKH LQIRUPDWLRQ KDV EHHQ
YHULILHGE\ERWKSLORWVWKH$&7,9$7(EXWWRQLVSUHVVHGWREHJLQSHUIRUPLQJ),0RSHUDWLRQV,I
WKH,0FOHDUDQFHVSHFLILHGLQLWLDOL]LQJVSDFLQJRYHUDZD\SRLQWSUHVVLQJ$&7,9$7(LVGHOD\HG
XQWLOWKHDLUFUDIWLVFURVVLQJWKDWZD\SRLQW




















)LJXUH&$FWLYDWHWKH,0RSHUDWLRQ


 
 
 
7KH ),0 V\VWHP ZLOO LQLWLDOO\ QHHG WLPH WR FRPSXWH VSHHG FRPPDQGV 'XULQJ WKLV SHULRG
&$/&8/$7,1*ZLOOEHGLVSOD\HGRQWKH()%VHH)LJXUH&7KH7*7$&)7DQG7*757(
LQSXWILHOGVWXUQLQWRODEHOVDQGFDQQRWEHFKDQJHG7KH2:1,1)2DQG,0*2$/ILHOGVFDQEH
FKDQJHGLIWKHRULJLQDO,0FOHDUDQFHLVDPHQGHG7KH1(;7:37ILHOGGLVSOD\VWKHQH[WZD\SRLQW
WKHRZQVKLSZLOOIO\RYHURQWKHDUULYDO7KH&*'ORFDWHGLQWKHSLORW¶VIRUZDUGILHOGRIYLHZZLOO
DOVREHFRPHDFWLYHGLVSOD\LQJ&$/&8/$7,1*DQGWKHWDUJHWDLUFUDIW¶VFDOOVLJQ7KHFDOOVLJQLV
VKRZQLQZKLWHWRLQGLFDWHWKHWDUJHWDLUFUDIWLVQRW\HWSDLUHGDQGQRFRPPDQGHGVSHHGLVVKRZQ























)LJXUH&&DOFXODWLQJLQLWLDOVSHHGFRPPDQG

 
 
 


2QFHDFRPPDQGHGVSHHGKDVEHHQFDOFXODWHGWKHRZQVKLSDQGWDUJHWDLUFUDIWZLOOEHSDLUHGDQG
DFRPPDQGHGVSHHGZLOODSSHDUDVVKRZQLQ)LJXUH&7KHSLORWZLOOWKHQRSHQWKH0&3VSHHG
ZLQGRZ DQG IO\ WKLV VSHHG 7KH )DVW  6ORZ LQGLFDWRU DSSHDUV WR SURYLGH VSHHG FRQIRUPDQFH
LQIRUPDWLRQ7KH&*'ZLOODOVRFKDQJHWRLQGLFDWHWKHSDLUHGVWDWXV63$&,1*ZLOODSSHDULQWKH
6WDWXVEORFNDQGWKHWDUJHWDLUFUDIW¶VFDOOVLJQZLOOWXUQJUHHQ$FRPPDQGHGVSHHGZLOODSSHDU
DQGWKH)DVW6ORZLQGLFDWRUZLOOEHSUHVHQWHGJUDSKLFDOO\RQWKHOHIWVLGH2QFHSDLUHGWKHSLORW
PD\IO\WKH),0RSHUDWLRQXVLQJWKH&*'H[FOXVLYHO\


























)LJXUH&,QIRUPDWLRQGLVSOD\HGRQWKH()%DQG&*'ZKLOHSHUIRUPLQJ),0RSHUDWLRQV

 
 
 
C.6 Arrival Interval Management Procedures 

 3)30$LUVSHHG5HTXLUHPHQWV
o 2EVHUYHDQGDQQRXQFH,06SHHGFKDQJHVDQGPRGHFKDQJHVRQ&*'()%
 6SHHGFKDQJHVZLOOKLJKOLJKWIRUVHFRQGVDQGWKHQZLOOEOLQNLIQRWVHW
o 6HW,0FRPPDQGHGVSHHGLQVSHHGZLQGRZRQ0&3
o 0DLQWDLQNQRWVRI,0FRPPDQGHGVSHHGGXULQJVSHHGFKDQJHV
NOTE: When IM is active, fly the IM commanded speed and disregard any charted 
speeds on the arrival. Use the FAST/SLOW indicator for deceleration/acceleration rate 
guidance. 

o &RQILJXUHDLUFUDIWDVQHFHVVDU\WRPDLQWDLQ,0FRPPDQGHGVSHHG
o $LUVSHHGLVVDIHDQGDFFHSWDEOHWRWKHSLORWIRUFXUUHQWFRQGLWLRQV6HHQRQQRUPDO
EHORZIRUDFWLRQ

 3)309HUWLFDO3DWK5HTXLUHPHQWV
o 9HULI\91$963'LVDFWLYHPRGH
o (QVXUHDLUFUDIWVWDUWVDGHVFHQWDW72'3RLQW
o 8VHGUDJGHYLFHVDQGWKUXVWDVQHFHVVDU\WRPDLQWDLQ91$9SDWKZLWKLQIHHW
3)
o 0RQLWRUWKDWDLUFUDIWVWD\VRQSDWKDQGDOOUHVWULFWLRQVZLOOEHPHW

 3)306SDFLQJ5HTXLUHPHQWV
o 1R&DXWLRQPHVVDJHVRQ()%6HHQRQQRUPDOEHORZIRUDFWLRQ
o 1RWLI\$7&ZKHQLQLWLDOO\VSDFLQJEHKLQGWDUJHWDLUFUDIW
o 1RWLI\HDFKQHZ$7&FKHFNLQZLWK³3DLUHGZLWK´
o 1RWLI\$7&LIQRORQJHU,0VSDFLQJ

 
 
 

C.7 Final Segment Interval Management Procedures 

 3)30&RQILJXUDWLRQDQG(QHUJ\0DQDJHPHQW
o ([WHQG)ODSVDVQHFHVVDU\
o 91$937+ZLOOHQJDJHDWIODSH[WHQVLRQ
o 0DLQWDLQOHDVWDPRXQWRIIODSVUHTXLUHGWRPDLQWDLQ,0VSHHGDQGYHUWLFDOSDWK

NOTE: IM commanded speed may increase above current flap max speed.  Reduction 
of flaps may be required. 

o :KHQ,0FRPPDQGHGVSHHGEODQNVDWWKH)$)
 *HDUGRZQ
 7DUJHW6SHHGVHWLQ0&3:LQGRZ
 &RQILJXUHDVQHFHVVDU\WREHVWDEOHE\IHHW$*/

x $XWRPDWLRQ3URFHGXUHV
o $LUFUDIWZLOOWUDQVLWLRQWR91$937+ZKHQIODSVDUHH[WHQGHG
o $UPDSSURDFKPRGHEHWZHHQPLOHVSULRUWR)$)
o (QVXUHDLUFUDIWZLOOFDSWXUHERWKWKHORFDOL]HUDQGJOLGHVORSH

NOTE: If aircraft is on VNAV PTH profile the aircraft will be on or slightly below 
glideslope when established on final 

o 6HW 7DUJHW 6SHHG LQ 0&3 VSHHG ZLQGRZ ZKHQ FURVVLQJ WKH )$) DQG ,0
&RPPDQGHG6SHHGLVUHPRYHGIURPWKH()%DQG&*'

 
 
C.8 Amendment of Spacing Goal 

$7&PD\DPHQGWKH,0FOHDUDQFHZLWKDQHZDVVLJQHGVSDFLQJJRDO7KHSURFHGXUHIRUDPHQGLQJ
WKHVSDFLQJJRDOLQWKH()%LVLOOXVWUDWHGLQ)LJXUH&










$7&PD\ DPHQG WKH ,0FOHDUDQFHZLWK D QHZ ,0
*2$/

3UHVV ,0*2$/ DQG HQWHU WKH QHZ YDOXH LQWR WKH
V\VWHP7KHRWKHUSLORWZLOOFKHFNWKHQHZYDOXHDIWHU
LWKDVEHHQHQWHUHG









)LJXUH&$PHQGWKHDVVLJQHGVSDFLQJJRDO


C.9 Suspend and Resume 

$7&PD\QHHGWRVXVSHQG),0RSHUDWLRQVIRUDSHULRGRIWLPH,ID6XVSHQG,QVWUXFWLRQVXFKDV
‘NASA 6, suspend interval spacing and slow 10 knots’

LVLVVXHGWKHIOLJKWFUHZZLOODVVXPHWKDW),0RSHUDWLRQVZLOOUHVXPHDWDODWHUWLPH$7&PD\
ODWHULVVXHD5HVXPH,QVWUXFWLRQVXFKDVWKHH[DPSOHJLYHQEHORZ

‘NASA 6, when able, resume interval spacing with DAL877’

7KHSURFHGXUHIRUVXVSHQGLQJDQGUHVXPLQJ,0VSDFLQJLVLOOXVWUDWHGLQ)LJXUHV&WKURXJK&


 
 





8SRQ UHFHLYLQJ D 6XVSHQG ,QVWUXFWLRQ SUHVV WKH
6863(1'EXWWRQ RQ WKH ,QWHUYDO0DQDJHPHQW0DLQ
3DJH











)LJXUH&6XVSHQG,0VSDFLQJ









$OOVSHHGVDUH UHPRYHGIURPWKH()%DQG&*'DQG
6863(1'(' LV GLVSOD\HG LQ WKH ,QWHUYDO
0DQDJHPHQW 0DLQ 3DJH 6WDWXV %R[ )ROORZ $7&
LQVWUXFWLRQIRUDLUVSHHG









)LJXUH&,QWHUYDO0DQDJHPHQW0DLQ3DJHZLWK,0VSDFLQJVXVSHQGHG

 
 







8SRQ UHFHLYLQJ D 5HVXPH ,QVWUXFWLRQ SUHVV WKH
5(680( EXWWRQ RQ WKH ,QWHUYDO0DQDJHPHQW0DLQ
3DJH










)LJXUH&5HVXPH,0VSDFLQJ








$OO,0DLUVSHHGLQIRUPDWLRQLVGLVSOD\HGRQWKH()%
DQG&*')ROORZWKH&0'63'DWWKLVWLPH











)LJXUH&,QWHUYDO0DQDJHPHQW0DLQ3DJHZLWK,0VSDFLQJUHVXPHG

 
 
C.10 Unable Spacing 

,IWKH&0'63'GLVDSSHDUVIURPWKHLQWHUIDFHGXHWRDFDXWLRQVHH)LJXUH&WKHIOLJKWFUHZ
IOLHVWKHFXUUHQWDLUVSHHGDQGDGYLVHV$7&$7&ZLOOGHWHUPLQHWKHDSSURSULDWHDFWLRQ,I$7&
LQVWUXFWV³DGYLVHZKHQDEOHWRUHVXPHVSDFLQJ´WKHFUHZZLOOPRQLWRUWKH&0'63'EORFN,ID
YDOXHUHWXUQVWRWKHEORFNWKHFUHZZLOODGYLVH$7&DQGIROORZLQVWUXFWLRQV2QFHWKH&0'63'
UHWXUQVWKHIOLJKWFUHZUHSRUWVWR$7&WKDWWKH\DUHDEOHWRVSDFHEHKLQGWKHWDUJHWDLUFUDIW$7&
PD\WKHQLQVWUXFWWKHDLUFUDIWWRUHVXPHVSDFLQJ





















)LJXUH&8QDEOHVSDFLQJGXHWRWDUJHWRIISDWK



 
 
C.11 Cancel Spacing 

$7&PD\FDQFHOWKH,0FOHDUDQFHZKLFKZLOOEHIROORZHGE\DLUVSHHGKHDGLQJLQVWUXFWLRQVRUD
QHZ,0FOHDUDQFH7KHSURFHGXUHIRUFDQFHOOLQJ,0VSDFLQJXVLQJWKH()%LVLOOXVWUDWHGLQ)LJXUHV
&DQG&







8SRQUHFHLYLQJD&DQFHO,QVWUXFWLRQSUHVVWKH6863(1'
EXWWRQRQWKH,QWHUYDO0DQDJHPHQW0DLQ3DJH










)LJXUH&&DQFHO,0VSDFLQJE\ILUVWVXVSHQGLQJ),0RSHUDWLRQV







3UHVVWKH&$1&(/,0EXWWRQWRFDQFHOWKH,0FOHDUDQFH
7KLV ZLOO UHPRYH DOO LQIRUPDWLRQ IURP DOO ILHOGV $ QHZ
FOHDUDQFH ZLOO KDYH WR EH HQWHUHG WR $FWLYDWH ,QWHUYDO
6SDFLQJ









)LJXUH&&DQFHO,0FOHDUDQFH
 
 

C.12 Alerts: Cautions, Advisory, and Memos 

7KH,0V\VWHPDQGLWVDVVRFLDWHG$67$5DOJRULWKPKDYHWKHVHWRIDOHUWVVKRZQLQ7DEOH&


7DEOH&,0V\VWHPDOHUWV

Alert 
Level EICAS Message Meaning Pilot Action
&DXWLRQ ,0',6(1*$*('
/RVVRIRZQVKLSIOLJKW
SDWKGDWDIDLOXUHRIWKH
LQWHUIDFHEHWZHHQWKH
VSDFLQJDOJRULWKPDQG
WKHDLUFUDIWDYLRQLFV
$'6%UHFHLYHUIDLOXUH
RURWKHUDLUFUDIWDYLRQLF
IDLOXUHV

)O\&XUUHQW$LUVSHHGDQG
DGYLVH$7&³8QDEOH
6SDFLQJGXHHTXLSPHQW
IDLOXUH´

&DXWLRQ ,07*72))3$7+
7DUJHWDLUFUDIWLVQRWRQ
WKHIOLJKWSDWKJLYHQE\
WKH$7&,0FOHDUDQFH

)O\&XUUHQW$LUVSHHGDQG
DGYLVH$7&³8QDEOH
6SDFLQJGXHWR7DUJHWRII
SDWK´

&DXWLRQ ,07*7$'6%/267
7DUJHWDLUFUDIW$'6%
LQIRUPDWLRQLVORVW

)O\&XUUHQW$LUVSHHGDQG
DGYLVH$7&³8QDEOH
6SDFLQJGXHWR7DUJHW$'6
%/RVV´

&DXWLRQ ,02:12))3$7+
$LUFUDIWLVJUHDWHUWKDQ
10ODWHUDOO\¶
YHUWLFDOO\RUGHJUHHV
RIKHDGLQJIURPWKH
SODQQHGIOLJKWSDWK

)O\&XUUHQW$LUVSHHGDQG
DGYLVH$7&³8QDEOH
6SDFLQJGXHWR2ZQVKLSRII
SDWK´

$GYLVRU\ ,063'/,0,7('
,0ZRXOGFRPPDQGD
GLIIHUHQWVSHHGEXWLV
OLPLWHGE\WKH
FRQVWUDLQW

$GYLVRU\RQO\1RFUHZ
DFWLRQ





 
 
 
Appendix D: Pilot Post-Run Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV
2. Please select the scenario you just completed from the list below: 
x 7UDLQLQJ
x 6FHQDULR
x 6FHQDULR
x 6FHQDULR
x 6FHQDULR

3. Please select your role during the scenario you just completed from the list below: 
x 3LORW)O\LQJ
x 3LORW1RW)O\LQJ3LORW0RQLWRULQJ

4. Please select your role during the scenario you just completed from the list below: 
x &DSWDLQ
x )LUVW2IILFHU

5. What was your call sign during the previous run? 
x 1$6$
x 1$6$
x 1$6$
x 1$6$

6. Even though errors may be large or frequent, can instructed task be accomplished most 
of the time? 
x <HV
x 1R
7. [If pilot responded ‘Yes’ to Item 6] Are errors small and inconsequential? 
x <HV
x 1R
8. [If pilot responded ‘No’ to Item 7] Given that major deficiencies exist and system redesign 
is strongly recommended, please choose one of the following ratings: 
x 0DMRU GLIILFXOW\  PD[LPXP RSHUDWRU PHQWDO HIIRUW LV UHTXLUHG WR EULQJ HUURUV WR
PRGHUDWHOHYHO
x 0DMRU GLIILFXOW\  PD[LPXP RSHUDWRU PHQWDO HIIRUW LV UHTXLUHG WR DYRLG ODUJH RU
QXPHURXVHUURUV
x 0DMRUGLIILFXOW\  LQWHQVHRSHUDWRUPHQWDO HIIRUW LV UHTXLUHG WR DFFRPSOLVK WDVNEXW
IUHTXHQWRUQXPHURXVHUURUVSHUVLVW
 
 
9. [If pilot responded ‘Yes’ to Item 7] Is mental workload level acceptable? 
x <HV
x 1R
10. [If pilot responded ‘No’ to Item 9] Given that mental workload is high and should be 
reduced, please choose one of the following ratings: 
x 0LQRUEXWDQQR\LQJGLIILFXOW\PRGHUDWHO\KLJKRSHUDWRUPHQWDOHIIRUWLVUHTXLUHGWR
DWWDLQDGHTXDWHV\VWHPSHUIRUPDQFH
x 0RGHUDWHO\REMHFWLRQDEOHGLIILFXOW\KLJKRSHUDWRUPHQWDOHIIRUWLVUHTXLUHGWRDWWDLQ
DGHTXDWHV\VWHPSHUIRUPDQFH
x 9HU\ REMHFWLRQDEOH EXW WROHUDEOH GLIILFXOW\  PD[LPXP RSHUDWRU PHQWDO HIIRUW LV
UHTXLUHGWRDWWDLQDGHTXDWHV\VWHPSHUIRUPDQFH
11. [If pilot responded ‘Yes’ to Item 9] Given that mental workload level was acceptable, 
please choose from one of the following: 
x 9HU\ HDV\  KLJKO\ GHVLUDEOH  RSHUDWRU PHQWDO HIIRUW LV PLQLPDO DQG GHVLUHG
SHUIRUPDQFHLVHDVLO\DWWDLQDEOH
x (DV\GHVLUDEOHRSHUDWRUPHQWDOHIIRUWLVORZDQGGHVLUHGSHUIRUPDQFHLVDWWDLQDEOH
x )DLUPLOGGLIILFXOW\DFFHSWDEOHRSHUDWRUPHQWDOHIIRUWLVUHTXLUHGWRDWWDLQDGHTXDWH
V\VWHPSHUIRUPDQFH
 
 



12. Follow the flow chart above to select the peak workload you experienced during each 
segment of flight during the scenario you just completed. Rating of your peak workload 
level: 
         
!IWFUXLVHLQLWLDOGHVFHQW ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
±GHVFHQWDSSURDFKFKHFN ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
±75$&21ORZDOWLWXGHPHUJH ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
ILQDODSSURDFKFRQILJXUHDLUFUDIW ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 

 
 
 

13. Please rate the overall FIM acceptability during the scenario you just completed. 
 &RPSOHWHO\ &RPSOHWHO\
 8QDFFHSWDEOH $FFHSWDEOH
        
14. Please rate the FIM acceptability during each segment of flight during the scenario you 
just completed. 
 &RPSOHWHO\  0RGHUDWHO\  9HU\
 8QDFFHSWDEOH  $FFHSWDEOH  $FFHSWDEOH
    
!IWFUXLVHLQLWLDOGHVFHQW ○ ○ ○ ○ ○
±GHVFHQWDSSURDFKFKHFN ○ ○ ○ ○ ○
±75$&21ORZDOWLWXGHPHUJH ○ ○ ○ ○ ○
IWILQDODSSURDFKFRQILJXUHDLUFUDIW ○ ○ ○ ○ ○ 
 
 
15. Respond to each of the statements shown below using a scale ranging from “1” 
(Completely Disagree) to “7” (Completely Agree).  
 &RPSOHWHO\
$JUHH 
&RPSOHWHO\
'LVDJUHH
       
5HOHYDQWLQIRUPDWLRQLQFOXGLQJRSHUDWLRQDO
SODQVGHFLVLRQVDQGFKDQJHVLQDLUFUDIWVWDWH
ZHUHHIIHFWLYHO\FRPPXQLFDWHGEHWZHHQ
\RXUVHOIDQG\RXUFUHZPHPEHU
○ ○ ○ ○ ○ ○ ○
,ZDVQRWUXVKHGRUKXUULHGLQFRPSOHWLQJWKH
WDVN ○ ○ ○ ○ ○ ○ ○
7KH,0FRPPDQGHGVSHHGVZHUH
RSHUDWLRQDOO\DFFHSWDEOH ○ ○ ○ ○ ○ ○ ○
7KH,0FRPPDQGHGVSHHGVZHUH
RSHUDWLRQDOO\DSSURSULDWH ○ ○ ○ ○ ○ ○ ○
7KHIUHTXHQF\RIWKH,0VSHHGFRPPDQGV
ZDVDFFHSWDEOHDWDOOWLPHVWKURXJKRXWWKH
VFHQDULR
○ ○ ○ ○ ○ ○ ○
,XQGHUVWRRGZK\WKH,0VSHHGFRPPDQGV
ZHUHSURYLGHGLHWKH,0FRPPDQGHG
VSHHGVPDGHVHQVH
○ ○ ○ ○ ○ ○ ○
7KHXVHRIYRLFHFRPPXQLFDWLRQVWRSURYLGH
WKH,0FOHDUDQFHVZDVDFFHSWDEOHLQWKLV
VFHQDULR
○ ○ ○ ○ ○ ○ ○
7KHDPRXQWRIKHDGGRZQWLPHUHTXLUHGWR
LQSXWLQIRUPDWLRQIURPWKH,0FOHDUDQFHV
LQWRWKH()%ZDVDFFHSWDEOH
○ ○ ○ ○ ○ ○ ○
'XULQJWKLVVFHQDULRHQWHULQJ,0FOHDUDQFH
LQIRUPDWLRQLQWRWKH()%ZDVHDV\DQG
LQWXLWLYH
○ ○ ○ ○ ○ ○ ○
'XULQJWKLVVFHQDULRLWZDVHDV\WRREWDLQ
QHHGHGLQIRUPDWLRQIURPWKH,0GLVSOD\V ○ ○ ○ ○ ○ ○ ○
7KHIOLJKWFUHZSURFHGXUHVIRUWKHHYHQWVLQ
WKLVVFHQDULRZHUHFRPSOHWH ○ ○ ○ ○ ○ ○ ○ 
7KHIOLJKWFUHZSURFHGXUHVIRUWKHHYHQWVLQ
WKLVVFHQDULRZHUHDFFHSWDEOH ○ ○ ○ ○ ○ ○ ○ 
 
 
16. Did the procedures contain missing steps? 
x <HV
x 1R
17. Did the procedures contain extra steps that were unnecessary? 
x <HV
x 1R
18. Were the procedural steps logical and easy to follow? 
x <HV
x 1R
19. Please briefly explain any undesirable ratings from the statements above. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


20. Describe any unusual or unexpected event(s) and your reaction(s), if applicable. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


21. This space is reserved for any additional comments related to awareness and 
acceptability issues. If you have any clarifying comments or interesting observations 
related to awareness and acceptability issues, please provide them below. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
Appendix E: Pilot Post-Experiment Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV


2. What was your call sign during the experiment? 
x 1$6$
x 1$6$
x 1$6$
x 1$6$


3. Was the workload required to operate the simulator much less than, the same as, or 
greater than the workload required to fly an actual aircraft?

 0XFK0RUH
0RGHUDWHO\
0RUH
6OLJKWO\
0RUH
7KH
6DPH
6OLJKWO\
/HVV
0RGHUDWHO\
/HVV
0XFK
/HVV
:RUNORDG
5HTXLUHG       


4. Please share your impressions of the flight scenarios (e.g. comment on their level of 
realism, appropriateness, and/or diversity) and comment on how the design of the 
scenarios impacted your ability to perform the spacing task: 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


5. Did you receive adequate training with respect to flying the simulator? 
x <HV
x 1R,IQRWSOHDVHEULHIO\GHVFULEHKRZVLPXODWRUWUDLQLQJFDQEHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
 

6. Did you receive adequate training with respect to the IM spacing procedure and the 
spacing tool? 
x <HV
x 1R,IQRWSOHDVHEULHIO\GHVFULEHKRZ,0SURFHGXUHVRUVSDFLQJWRROWUDLQLQJFDQEH
LPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


7. Did you receive adequate training with respect to the entry and interpretation of 
information presented on the EFB?
x <HV
x 1R,IQRWSOHDVHEULHIO\GHVFULEHKRZ()%WUDLQLQJFDQEHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


8. Did you receive adequate training with respect to the interpretation of information 
presented on the CGD in the forward field of view?
x <HV
x 1R,IQRWSOHDVHEULHIO\GHVFULEHKRZ&*'WUDLQLQJFDQEHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 
 
Interval Management Procedures 

7KHIROORZLQJTXHVWLRQVDUHLQWHQGHGWRJDWKHU\RXUIHHGEDFNDERXWWKHSURFHGXUHVXVHGIRUHDFK
DVSHFWRIWKH,0RSHUDWLRQWKDWZDVWHVWHGQRWHWKDWWKHODVWTXHVWLRQDVNVDERXWWKHJHQHUDO,0
SURFHGXUHV

9. Were the procedures for terminating an IM operation complete, accurate, and logical?
x <HV
x 1R3OHDVHSURYLGHDQ\VXJJHVWLRQVUHJDUGLQJWKHZD\VLQZKLFKWKHSURFHGXUHVIRU
WHUPLQDWLQJWKH,0RSHUDWLRQPD\EHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


10. Were the procedures for suspending and then resuming an IM operation complete, 
accurate, and logical? 
x <HV
x 1R3OHDVHSURYLGHDQ\VXJJHVWLRQVUHJDUGLQJWKHZD\VLQZKLFKWKHSURFHGXUHVIRU
VXVSHQGLQJWKH,0RSHUDWLRQPD\EHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


11. Were the procedures for amending the IM spacing goal complete, accurate, and logical?
x <HV
x 1R3OHDVHSURYLGHDQ\VXJJHVWLRQVUHJDUGLQJWKHZD\VLQZKLFKWKHSURFHGXUHVIRU
DPHQGLQJWKH,0VSDFLQJJRDOPD\EHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 
 
 

12. Were the procedures for reacting to the loss of your lead aircraft’s ADS-B signal 
complete, accurate, and logical?
x <HV
x 1R3OHDVHSURYLGHDQ\VXJJHVWLRQVUHJDUGLQJWKHZD\VLQZKLFKWKHSURFHGXUHVIRU
UHDFWLQJWRWKHORVVRI\RXUOHDGDLUFUDIW¶V$'6%VLJQDOPD\EHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


13. Were the general (nominal) IM procedures complete, accurate, and logical?
x <HV
x 1R3OHDVHDOVRSURYLGHDQ\VXJJHVWLRQVUHJDUGLQJWKHZD\VLQZKLFKWKHJHQHUDO,0
SURFHGXUHVPD\EHLPSURYHG

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


14. Was the IM phraseology used in this experiment correct and intuitive?
x <HV
x 1R,I³QR´ZK\QRWDQGZKDWFRXOGEHGRQHWRLPSURYHWKHSKUDVHRORJ\"

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


15. How difficult do you think it would be for a typical crew to learn and integrate the IM 
spacing procedures into their current daily operational flight procedures? 

9HU\
'LIILFXOW
0RGHUDWHO\
'LIILFXOW
6OLJKWO\
'LIILFXOW 1HXWUDO
6OLJKWO\
(DV\
0RGHUDWHO\
(DV\
9HU\
(DV\
      

 
 
 

16. Briefly describe any challenges involved with integrating the IM procedures with existing 
procedures. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


17. Given the experience with IM that you gained during this simulation, what is your overall 
assessment of the safety of the spacing procedure compared with current day operations? 
(“Safety” in this question refers to your holistic opinion to include workload, awareness,
position relative to other aircraft, etc.) 

1RW6DIH
$W$OO
0RGHUDWHO\
/HVV6DIH
6OLJKWO\
/HVV6DIH $V6DIH
6OLJKWO\
0RUH
6DIH
0RGHUDWHO\
0RUH6DIH
0XFK
0RUH
6DIH
      


18. In general, did you find the process of entering IM clearance information into the EFB 
easy and intuitive? 
x <HV
x 1R,I³QR´ZKDWFDQEHGRQHWRLPSURYHWKHSURFHVVRIORDGLQJLQIRUPDWLRQLQWRWKH
()%"

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
19. Did the CGD and EFB provide you with the information you needed/desired to safely 
and correctly conduct IM, and was this information easy to obtain when needed?
x <HV
x 1R,I³QR´ZKDWLQIRUPDWLRQZDVPLVVLQJRUKRZFDQWKHLQIRUPDWLRQEHSUHVHQWHG
EHWWHU"

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


 
 
20. Did following the IM commanded speed and procedure ever cause unexpected or 
undesired behavior? 
x <HV,I³\HV´SOHDVHH[SODLQZKDWWKHXQH[SHFWHGRUXQGHVLUHGEHKDYLRUZDV
x 1R

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


21. Did you find the responsibility of using onboard automation to achieve a spacing interval 
behind a lead aircraft acceptable (when ATC is responsible for separation)?
x <HV
x 1R,I³QR´ZK\QRWDQGZKDWFRXOGEHGRQHWRPDNHWKHUHVSRQVLELOLW\RUZRUNORDG
DFFHSWDEOH"

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


22. Did you find your level of engagement with the IM automation acceptable (i.e., the level 
of decision making ability you had, and your understanding of the reasoning behind IM 
speeds that were commanded)?
x <HV3OHDVHH[SODLQ
x 1R3OHDVHH[SODLQ

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 
 
 

23. Did the IM commanded speeds make sense? 
x <HV
x 1R

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


24. Do you have any additional comments about the experiment? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 
 
 
Appendix F: Controller Post-Run Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV
2. Please select the scenario you just completed from the list below: 
x 7UDLQLQJ
x 6FHQDULR
x 6FHQDULR
x 6FHQDULR
x 6FHQDULR

3. Which position did you work in this scenario? 
x &HQWHU1RUWK=$%
x &HQWHU1RUWK=$%
x )HHGHU1RUWK
x )LQDO1RUWK
x *KRVW

4. How mentally demanding was the task? 
9HU\
/RZ     
9HU\
+LJK
      
5. How hurried or rushed was the pace of the task? 
9HU\
/RZ     
9HU\
+LJK
      
6. How hard did you have to work to accomplish your level of performance? 
9HU\
/RZ     
9HU\
+LJK
      
7. How insecure, discourage, irritated, stressed, and annoyed were you? 
9HU\
/RZ     
9HU\
+LJK
      
 
 
8. How physically demanding was the task? 
9HU\
/RZ     
9HU\
+LJK
      
9. How successful were you in accomplishing what you were asked to do? 
*RRG      3RRU
      
10. Were the ATD-1 operations in this last run safe? 
x <HV
x 1R

11. [If controller responded ‘Yes’ to Item 10] Did the ATD-1 operations function adequately, 
so that you had a tolerable workload? 
x <HV
x 1R

12. [If controller responded ‘No’ to Item 11] Given that you think the ATD-1 operations were 
not adequate, were the operations controllable? 
x %DUHO\FRQWUROODEOHQHHGVH[WUHPHDPRXQWVRIFRQWUROOHUFRPSHQVDWLRQ
x 0DUJLQDOO\FRQWUROODEOHQHHGVFRQVLGHUDEOHFRQWUROOHUFRPSHQVDWLRQ
x &RQWUROODEOHQHHGVVRPHFRQWUROOHUFRPSHQVDWLRQ

13. [If controller responded ‘Yes’ to Item 11] Are the ATD-1 operations satisfactory without 
improvement? 
x <HV
x 1R

14. [If controller responded ‘No’ to Item 13] How much, if at all, did you have to compensate 
for the tools to make the ATD-1 operations work? (In these situations “compensation” 
means how much did you have to work to counterbalance or offset less desirable actions 
from the tools?) 
x ([WHQVLYHFRPSHQVDWLRQUHTXLUHGWRPDLQWDLQDGHTXDWHSHUIRUPDQFH
x &RQVLGHUDEOHFRPSHQVDWLRQUHTXLUHGWRPDLQWDLQDGHTXDWHSHUIRUPDQFH
x 0RGHUDWHFRPSHQVDWLRQUHTXLUHGWRPDLQWDLQDGHTXDWHSHUIRUPDQFH

15. [If controller responded ‘Yes’ to Item 13] How close to a desired level of performance 
were the ATD-1 operations in this run? 
x 0RGHUDWHFRQWUROOHUFRPSHQVDWLRQQHHGHGWRUHDFKGHVLUHGSHUIRUPDQFH
x 0LQLPDOFRQWUROOHUFRPSHQVDWLRQUHTXLUHGWRUHDFKGHVLUHGSHUIRUPDQFH
x 5HDOLVWLF$7&HPXODWLRQSHUIRUPDQFHZLWKQRFRQWUROOHUFRUUHFWLRQ
 
 
16. [If controller responded ‘No’ to Item 10] Please describe any events you saw in the last 
run that were unsafe. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
17. Did you have any problems in this run? Please note why and which aircraft were the 
issue. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
18. Did you have to maneuver any non-FIM aircraft to accommodate a FIM-equipped 
aircraft? Please note how many you had to move and describe why. 
x <HV
x 1R

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
19. Did you have to change the way you worked to manage the FIM aircraft? 
3OHDVHFKRRVHDOOWKDWDSSO\

 &KDQJHGP\JHQHUDOVFDQRIWKH),0DLUFUDIWFRPSDUHGZLWKQRQ),0DLUFUDIW
 &KDQJHG WKHZD\ ,PRQLWRUHG VHSDUDWLRQ RI WKH ),0 DLUFUDIW FRPSDUHGZLWK QRQ),0
DLUFUDIW
 &KDQJHGWKHZD\,PRQLWRUHGWKH),0DLUFUDIWVSDFLQJFRPSDUHGZLWKQRQ),0DLUFUDIW
 ,VVXHGGLIIHUHQWW\SHVRIFOHDUDQFHVWRWKH),0DLUFUDIWFRPSDUHGZLWKQRQ),0DLUFUDIW
 ,VVXHGPRUHFOHDUDQFHVWRWKH),0DLUFUDIWFRPSDUHGZLWKQRQ),0DLUFUDIW
 &RQVLGHUHGGLIIHUHQWW\SHVRIVROXWLRQVWR),0DLUFUDIWSUREOHPVFRPSDUHGZLWKQRQ),0
DLUFUDIW
 1RFKDQJHUHTXLUHG
 2WKHU    
 
 
20. Did you encounter any problems as a result of the target aircraft arriving on a different 
route from its following FIM (self-spacing) aircraft? 
x <HV
x 1R

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
21. How manageable was the size of the delay / advance that was required for your non-FIM 
(CMS) aircraft to meet the schedule? 
9HU\
PDQDJHDEOH  
6RPHZKDW
PDQDJHDEOH  
1RWDWDOO
PDQDJHDEOH
      
22. [If controller responded ‘Center North (ZAB 36/43)’ or ‘Center North (ZAB 93/39)’ to 
Item 3] How manageable was the size of the delay / advance that was required for the 
FIM-equipped aircraft to meet the plus or minus 60 sec limit required to issue the FIM 
(self-spacing) clearance? 
9HU\
PDQDJHDEOH  
6RPHZKDW
PDQDJHDEOH  
1RWDWDOO
PDQDJHDEOH
      
23. Which of these available tools did you actively use in the last run? 
3OHDVHFKRRVHDOOWKDWDSSO\
 0HWHUOLVWZLWK),0LQIRUPDWLRQ
 'HOD\LQWKHPHWHUOLVW
 'HOD\FRXQWGRZQWLPHU
 5XQZD\LGHQWLILHULQGDWDEORFN
 ),0VSDFLQJGHVLJQDWRU
 5RXWHGLVSOD\
 -ULQJVWR10
 6ORWPDUNHU
 6SHHGDGYLVRU\
 7LPHOLQHRQ\RXUVFRSH
 6SDFLQJFRQHVEDWV
 2WKHU    
 
 

24. [If controller responded ‘Center North (ZAB 36/43)’ or Center North (ZAB 93/39)’ to 
Item 3] How useful were the CMS tools for managing the FIM aircraft? (e.g., giving you 
information about the FIM aircraft or helping you to space non-FIM aircraft around 
them.) 
3OHDVHFKRRVHWKHDSSURSULDWHUHVSRQVHIRUHDFKLWHP
 1RWXVHIXO
DWDOO
LJQRUHG
 6RPHZKDWXVHIXO 
9HU\XVHIXO
HVVHQWLDO
       
'HOD\LQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○
'HOD\FRXQWGRZQWLPHU ○ ○ ○ ○ ○ ○ ○
),0GHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○
5XQZD\LGHQWLILHU ○ ○ ○ ○ ○ ○ ○
),0VSHFLILFPHWHUOLVWLQIRUPDWLRQ ○ ○ ○ ○ ○ ○ ○
$OODLUFUDIWPHWHUOLVWLQIRUPDWLRQ ○ ○ ○ ○ ○ ○ ○
25. [If controller responded ‘Feeder North’ or ‘Final North’ to Item 3] How useful were the 
CMS tools for managing the FIM aircraft (e.g., giving you information about the FIM 
aircraft or helping you to space non-FIM aircraft around them.) 
3OHDVHFKRRVHWKHDSSURSULDWHUHVSRQVHIRUHDFKLWHP
 1RWXVHIXO
DWDOO
LJQRUHG
 6RPHZKDWXVHIXO 
9HU\XVHIXO
HVVHQWLDO
       
6SHHGDGYLVRULHV ○ ○ ○ ○ ○ ○ ○
6ORWPDUNHUV ○ ○ ○ ○ ○ ○ ○
'HOD\FRXQWGRZQWLPHU ○ ○ ○ ○ ○ ○ ○
7LPHOLQHV ○ ○ ○ ○ ○ ○ ○
),0GHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○
6SDFLQJFRQHVEDWV ○ ○ ○ ○ ○ ○ ○
 
 
26. Did you issue any of the types of clearances listed below? Please note the aircraft call sign 
(if you can) as well as where and why you took this action in the box on the right. 
3OHDVHFKRRVHDOOWKDWDSSO\DQGSURYLGHDFRPPHQW

 6XVSHQGHG),0VSDFLQJ      
 5HVXPHG),0VSDFLQJ      
 'HFLGHGQRWWRLVVXHD),0FOHDUDQFH      
 &DQFHOOHG),0VSDFLQJ      
 1RQH      
 2WKHU          
27. Did you have to re-issue the IM clearance? If so, please note the ACID(s) and the 
reason(s) why. 
$LUFUDIW,'DQGZK\        
$LUFUDIW,'DQGZK\        
$LUFUDIW,'DQGZK\        
$LUFUDIW,'DQGZK\        
1R,GLGQ¶WKDYHWRUHLVVXH        
28. How many vectoring maneuvers did you issue to FIM aircraft in this run? (A vector away 
from a route and a second vector back onto the route counts as one maneuver.) 

 1RQH
RU
YHFWRU
PDQHXYHUV
YHFWRU
PDQHXYHUV
YHFWRU
PDQHXYHUV
0RUHWKDQ
YHFWRU
PDQHXYHUV
%HIRUH,0VSDFLQJ
HQJDJHG ○ ○ ○ ○ ○
:KHQWKH),0HTXLSSHG
DLUFUDIWZDVVXVSHQGHG ○ ○ ○ ○ ○
$IWHU),0VSDFLQJZDV
WHUPLQDWHG ○ ○ ○ ○ ○
 
 
29. In general, was the FIM pilot’s intent clear? (i.e., Did you have enough information about 
the status of the FIM operations?) 
x ,QWHQWSODQZDVDOZD\VFOHDUKDGHQRXJKLQIRUPDWLRQ
x ,QWHQWSODQZDVXVXDOO\FOHDU
x ,QWHQWSODQZDVVRPHWLPHVFOHDU
x ,QWHQWSODQZDVRFFDVLRQDOO\FOHDU
x ,QWHQWSODQZDVQRWDWDOOQHYHUFOHDUQRWHQRXJKLQIRUPDWLRQ

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
30. Did being responsible for maintaining safe / standard separation for FIM aircraft but not 
managing their spacing affect your monitoring load? 
0RQLWRULQJ
ORDGZDV
JUHDWO\
UHGXFHG
 
1RFKDQJH
LQ
PRQLWRULQJ
ORDG
 
0RQLWRULQJ
ORDGZDV
JUHDWO\
LQFUHDVHG
      
31. [If controller responded ‘Center North (ZAB 36/43)’ or Center North (ZAB 93/39)’ to 
Item 3] Please rate how accurately the FIM displays (S & ®) reflected the status of the 
FIM aircraft as they entered your sector. 
9HU\
DFFXUDWH  
6RPHZKDW
DFFXUDWH  
9HU\
LQDFFXUDWH
      
32. [If controller responded ‘Center North (ZAB 36/43)’ or Center North (ZAB 93/39)’ to 
Item 3] Please rate how accurately the FIM displays (S & ®) reflected the status of the 
FIM aircraft as they left your sector. 
9HU\
LQDFFXUDWH  
6RPHZKDW
DFFXUDWH  
9HU\
DFFXUDWH

       1$
 
 
33. If applicable, why was the status indicator inaccurate as the FIM aircraft left your sector? 
x ,GLGQ¶WXSGDWHWKHVWDWXVSOHDVHVD\ZK\
x 7KHUHZDVQ¶WDFRGHIRUWKHVWDWHRIWKH),0DLUFUDIW
x 7KHVWDWXVRIWKH),0DLUFUDIWZDVFKDQJLQJ
x 2WKHU

0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
34. Did having FIM aircraft change the amount of coordination you engaged in with the 
controllers upstream and downstream of you? 
0XFKOHVV
FRRUGLQDWLRQ  
1RFKDQJH
WKHVDPH
OHYHORI
FRRUGLQDWLRQ
  0XFKPRUHFRRUGLQDWLRQ
      
35. Was there anything that happened in this run that we forgot to ask about? What would 
you have liked to see happen differently, if anything? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
 

Appendix G: Controller Post-Experiment Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV
2. Which position did you work in this scenario? 
x &HQWHU
x )HHGHU)LQDO
3. During which year did you retire?   
4. Which aircraft did you pay the most attention to during the experiment? Please note why 
this type of aircraft required more attention from you. 
3OHDVHFKRRVHDOOWKDWDSSO\DQGSURYLGHDFRPPHQW

 $OODLUFUDIWHTXDOO\       
 1RQ),051$9DLUFUDIW      
 ),0DLUFUDIWWKDWZHUHLQSDLUHGVSDFLQJPRGH     
 ),0DLUFUDIWWKDWZHUHVXVSHQGHGRUWHUPLQDWHG     
 2WKHU         
5. Did the speed profile that the FIM aircraft followed fit with your strategy for working 
the non-FIM equipped (RNAV) traffic? Why or why not? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6. If you had seen a FIM aircraft that was in IM spacing mode and you slowed its lead, what 
would you expect to see the FIM aircraft do? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
7. What was your plan B if the FIM aircraft did not do as you expected in the example 
above? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
8. To what degree did you accommodate the FIM aircraft? Please note why you selected 
this rating. 
1RWDWDOO   6RPHWLPHV   $OZD\V
      
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
9. In what ways would you like to change the FIM operations / aircraft behavior, and why? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
10. Did the winds in this simulation affect the behavior of the FIM aircraft or the FIM tools? 
 $OZD\V 2IWHQ 6RPHWLPHV 2FFDVLRQDOO\ 1HYHU 1$
),0DLUFUDIW ○ ○ ○ ○ ○ ○
),0VSDFLQJ
LQWHUYDO ○ ○ ○ ○ ○ ○
11. What impact did the wind variation have on the speed / time advisories and the 
information given by the tools? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
12. Is there a wind condition that could be problematic for the FIM concept? 
x <HV
x 1R
x 1$
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
13. Please comment on your thoughts of the FIM aircraft sharing routes with the non-FIM 
equipped (RNAV) aircraft. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
14. How did you handle your traffic as it crossed your merge point? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
15. What information would you like to know about the lead aircraft? How would you like 
this information to be displayed? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
16. What procedure would you suggest for coordination when the lead is in a different sector 
from the FIM aircraft? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
17. [If controller responded ‘Center’ to Item 2] This simulation used a procedure where you 
conditioned the FIM traffic to be within a 60 second “window” of their meterfix STA 
before you engaged FIM spacing. Was this possible? If so, how successful was it? 
x 9HU\HDV\WRDFKLHYHVHFFRQGLWLRQLQJ
x (DV\WRDFKLHYHVHFFRQGLWLRQLQJ
x VHFFRQGLWLRQLQJZDVDYDLODEOH
x +DUGWRDFKLHYHVHFFRQGLWLRQLQJ
x 9HU\KDUGWRDFKLHYHVHFFRQGLWLRQLQJ
x ,PSRVVLEOHWRDFKLHYHVHFFRQGLWLRQLQJ
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH´
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
18. How well did the FIM aircraft conditioning work for you? 
x &RQGLWLRQLQJZRUNHGYHU\ZHOO
x &RQGLWLRQLQJZRUNHGZHOO
x &RQGLWLRQLQJVRPHWLPHVZRUNHG
x &RQGLWLRQLQJRQO\ZRUNHGRFFDVLRQDOO\
x &RQGLWLRQLQJGLGQRWZRUN
x ,PSRVVLEOHWRDFKLHYHVHFFRQGLWLRQLQJ
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH´
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


19. How timely / appropriate was the reaction of the system to the speed adjustments of the 
self-spacing (FIM) aircraft? (e.g., When a self-spacing aircraft was flying at a faster speed 
than its target, how quickly did it adjust to a matching speed?) 
3RRU
WLPLQJ
VORZ
UHDFWLRQ
  5HDVRQDEO\
WLPHO\
 
9HU\JRRG
WLPLQJ
IDVW
UHDFWLRQ
      
20. In addition to standard separation, there is a 0.3 NM buffer. Was the 0.3 NM buffer 
adequate? Please explain. 

x <HV
x 1R
x 1$
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


21. [If controller responded ‘Feeder/Final’ to Item 2] Was the final approach fix the best 
point by which the FIM aircraft should achieve their spacing? 
1RQRW
DWDOO   6RPHWLPHV  
<HV
DOZD\V
      
 
 

22. [If controller responded ‘Feeder/Final’ to Item 2] Was it clear whether the FIM aircraft 
were going to meet their time at final approach fix targets? 
1HYHU
FOHDU  
6RPHWLPHV
FOHDU  
$OZD\V
FOHDU 
       1$


23. [If controller responded ‘Feeder/Final’ to Item 2] Did you modify where you handed off 
your aircraft to the Tower with the final approach fix as the FIM achieve-by point? Was 
it earlier or later than you would have normally made the handoff at PHX? 

x +DQGRIIZDVPXFKHDUOLHUWKDQQRUPDO
x +DQGRIIZDVHDUOLHUWKDQQRUPDO
x +DQGRIIZDVWKHVDPH
x +DQGRIIZDVODWHUWKDQQRUPDO
x +DQGRIIZDVPXFKODWHUWKDQQRUPDO
24. Was the transfer of spacing responsibility from you (controller) to the FIM aircraft, and 
back, clear? 

x <HVDOZD\V
x <HVXVXDOO\
x 6RPHWLPHV
x 2FFDVLRQDOO\
x 1R
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
25. When FIM aircraft were in your sector, how acceptable was it for you to be responsible 
for maintaining safe / standard separation between these aircraft (but not managing their 
spacing)? 
 1RWDWDOODFFHSWDEOH 
0RGHUDWHO\
DFFHSWDEOH 
9HU\
DFFHSWDEOH
     
),0DLUFUDIWVSDFLQJ
EHKLQG),0DLUFUDIWRQ
WKHVDPHURXWH
○ ○ ○ ○ ○
),0DLUFUDIWVSDFLQJ
EHKLQGD),0DLUFUDIW
RQDGLIIHUHQWURXWH
○ ○ ○ ○ ○
),0DLUFUDIWVSDFLQJ
EHKLQGD&06DLUFUDIW
RQWKHVDPHURXWH
○ ○ ○ ○ ○
),0DLUFUDIWVSDFLQJ
EHKLQGD&06DLUFUDIW
RQDGLIIHUHQWURXWH
○ ○ ○ ○ ○
26. How would you change flight deck interval management (FIM) to be most helpful to a 
controller? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
27. Do you think the phraseology you used during the experiment was satisfactory? Please 
refer to the phraseology sheet for exact clearance.


1RWDWDOO
FOHDURU
FRQFLVH

0RGHUDWHO\
FOHDU2.
OHQJWK

9HU\
FOHDUDQG
FRQFLVH

        1$
,0FOHDUDQFH ○ ○ ○ ○ ○ ○ ○ ○ 
$PHQGPHQWVWR,0
FOHDUDQFH ○ ○ ○ ○ ○ ○ ○ ○ 
,0HQJDJHPHQWVWDWXV
UHSRUWLQJDVSDLUHG ○ ○ ○ ○ ○ ○ ○ ○ 
&KHFNLQZLWK75$&21 ○ ○ ○ ○ ○ ○ ○ ○ 
,0RSHUDWLRQVVWDWXV
UHSRUWLQJ ○ ○ ○ ○ ○ ○ ○ ○ 
,0FOHDUDQFHVXVSHQVLRQ ○ ○ ○ ○ ○ ○ ○ ○ 
,0FOHDUDQFHUHVXPSWLRQ ○ ○ ○ ○ ○ ○ ○ ○ 
'HVFHQWFOHDUDQFH ○ ○ ○ ○ ○ ○ ○ ○ 
,0HQJDJHPHQWVWDWXV
UHSRUWLQJXQDEOH ○ ○ ○ ○ ○ ○ ○ ○ 
28. Can you suggest changing the phraseology of the FIM clearances in any way to make 
them more clear and / or concise? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
 
29. [If controller responded ‘Feeder/Final’ to Item 2] What did you think of the check in by 
the FIM aircraft? How could it be made more concise? Did it give you enough 
information? 
x $OZD\VWRRORQJ
x 6RPHWLPHVWRRORQJ
x -XVWWKHULJKWOHQJWK
x 6RPHWLPHVWRRVKRUWRUEULHI
x $OZD\VWRRVKRUWRUEULHI
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
30. Was the use of the FIM status symbology useful? 
x <HV
x 1R
x 1$
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
31. When FIM operations were involved, were coordination requirements different? If so, 
did you have to coordinate more or less? 
x <HV
x 1R
x 1$
0DNHDFRPPHQWRQ\RXUFKRLFHKHUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

 
 
32. Could you have worked the FIM aircraft under current day / baseline conditions, i.e., 
without CMS tools? 
1RWDWDOO   6RPHZKDWVRPHWLPHV   'HILQLWHO\
      
33. Were there any tips about managing FIM aircraft that you discovered for yourself that 
should be built into training for future studies? 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB


34. Please rate the usability of the following tools for working the FIM aircraft. “Usability” 
is how logical the functions and button presses associated with the tools are. 

 1RWDWDOO
XVDEOH 
6RPHZKDW
XVDEOH 
9HU\
XVDEOH

        1$
6ORWPDUNHUV ○ ○ ○ ○ ○ ○ ○ ○ 
7LPHOLQHV ○ ○ ○ ○ ○ ○ ○ ○ 
6SHHGDGYLVRULHV ○ ○ ○ ○ ○ ○ ○ ○ 
(DUO\ODWHLQGLFDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
6SDFLQJGHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
&RQHV ○ ○ ○ ○ ○ ○ ○ ○ 

 
 
35. Please rate the usability of the following tools for working the FIM aircraft. “Usability” 
is how logical the functions and button presses associated with the tools are. 

 1RWDWDOO
XVDEOH 
6RPHZKDW
XVDEOH 
9HU\
XVDEOH

        1$
0HWHUIL[67$ ○ ○ ○ ○ ○ ○ ○ ○ 
'HOD\WLPHRQDLUFUDIWWDUJHW ○ ○ ○ ○ ○ ○ ○ ○ 
6SDFLQJGHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
/HDGDLUFUDIWLQIRUPDWLRQLQ
WKHPHWHUOLVWFDOOVLJQ
URXWH
○ ○ ○ ○ ○ ○ ○ ○ 
),0GHOD\LQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0LQWHUYDOWRWKHOHDGHULQ
WKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0DFKLHYHE\SRLQWDQG
WLPHLQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 

 
 
36. How confident were you that the controller tools and FIM tools were providing accurate 
information? 

 1RWDWDOO
FRQILGHQW 
0RGHUDWHO\
FRQILGHQW 
9HU\
FRQILGHQW

        1$
6ORWPDUNHUV ○ ○ ○ ○ ○ ○ ○ ○ 
7LPHOLQHV ○ ○ ○ ○ ○ ○ ○ ○ 
6SHHGDGYLVRULHV ○ ○ ○ ○ ○ ○ ○ ○ 
(DUO\ODWHLQGLFDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
6SDFLQJGHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
0HWHU67$ ○ ○ ○ ○ ○ ○ ○ ○ 
'HOD\RQWKHDLUFUDIWWDUJHW ○ ○ ○ ○ ○ ○ ○ ○ 
/HDGDLUFUDIWLQIRUPDWLRQLQ
PHWHUOLVWFDOOVLJQURXWH ○ ○ ○ ○ ○ ○ ○ ○ 
),0GHOD\LQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0LQWHUYDOWROHDGHULQ
WKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0DFKLHYHE\SRLQWDQG
WLPHLQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
37. What information should the tools have provided to you that they did not? Please 
consider information presented on your visual display and via voice. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
38. [If controller responded ‘Feeder/Final’ to Item 2] Do you think you could have given 
fewer speed corrections to keep the aircraft in their spacing “slots”?
x <HV
x 1R
 
 
39. Is there something that we didn’t ask above that you would like to comment on? Please 
note this, or anything you observed in the runs this week that you’d like us to know about.
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

REPORT DOCUMENTATION PAGE Form ApprovedOMB No. 0704-0188
2.  REPORT TYPE 
7HFKQLFDO0HPRUDQGXP
 4.  TITLE AND SUBTITLE
$LU7UDIILF0DQDJHPHQW7HFKQRORJ\'HPRQVWUDWLRQ5HVHDUFKDQG
3URFHGXUDO7HVWLQJRI5RXWHV
5a. CONTRACT NUMBER
 6.  AUTHOR(S)
:LOVRQ6DUD5.LEOHU-HQQLIHU/+XEEV&OD\(6PDLO-DPHV:
 7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
1$6$/DQJOH\5HVHDUFK&HQWHU
+DPSWRQ9$
 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ
:DVKLQJWRQ'&
 8. PERFORMING ORGANIZATION
     REPORT NUMBER
/
10. SPONSOR/MONITOR'S ACRONYM(S)
1$6$
13. SUPPLEMENTARY NOTES
12. DISTRIBUTION/AVAILABILITY STATEMENT
8QFODVVLILHG8QOLPLWHG
6XEMHFW&DWHJRU\
$YDLODELOLW\1$6$67,3URJUDP
19a. NAME OF RESPONSIBLE PERSON
67,+HOS'HVNHPDLOKHOS#VWLQDVDJRY
14. ABSTRACT
1$6$¶V$LU7UDIILF0DQDJHPHQW7HFKQRORJ\'HPRQVWUDWLRQ±$7'ZLOORSHUDWLRQDOO\GHPRQVWUDWHWKHIHDVLELOLW\RIHIILFLHQWDUULYDORSHUDWLRQV
FRPELQLQJJURXQGEDVHGDQGDLUERUQH1$6$WHFKQRORJLHV7KH$7'LQWHJUDWHGV\VWHPFRQVLVWVRIWKH7UDIILF0DQDJHPHQW$GYLVRUZLWK7HUPLQDO0HWHULQJ
ZKLFKJHQHUDWHVSUHFLVHWLPHEDVHGVFKHGXOHVWRWKHUXQZD\DQGPHUJHSRLQWV&RQWUROOHU0DQDJHG6SDFLQJGHFLVLRQVXSSRUWWRROVZKLFKSURYLGHFRQWUROOHUV
ZLWKVSHHGDGYLVRULHVDQGRWKHULQIRUPDWLRQQHHGHGWRPHHWWKHVFKHGXOHDQG)OLJKWGHFNEDVHG,QWHUYDO0DQDJHPHQWDYLRQLFVDQGSURFHGXUHVZKLFKDOORZ
IOLJKWFUHZVWRDGMXVWWKHLUVSHHGWRDFKLHYHSUHFLVHUHODWLYHVSDFLQJ,QLWLDOVWXGLHVLGHQWLILHGDLUJURXQGFKDOOHQJHVUHODWHGWRWKHLQWHJUDWLRQRIWKHVHWKUHH
VFKHGXOLQJDQGVSDFLQJWHFKQRORJLHVDQG1$6$¶VDLUERUQHVSDFLQJDOJRULWKPZDVPRGLILHGWRDGGUHVVVRPHRIWKHVHFKDOOHQJHV7KH5HVHDUFKDQG3URFHGXUDO
7HVWLQJRI5RXWHVKXPDQLQWKHORRSH[SHULPHQWZDVWKHQFRQGXFWHGWRDVVHVVWKHSHUIRUPDQFHRIWKHQHZVSDFLQJDOJRULWKP7KHUHVXOWVRIWKLVH[SHULPHQW
LQGLFDWHWKDWWKHDOJRULWKPSHUIRUPHGDVGHVLJQHGDQGWKHSLORWSDUWLFLSDQWVIRXQGWKHDLUERUQHVSDFLQJFRQFHSWDLUJURXQGSURFHGXUHVDQGFUHZLQWHUIDFHWR
EHDFFHSWDEOH+RZHYHUWKHUHVHDUFKHUVFRQFOXGHGWKDWWKHGDWDUHYHDOHGLVVXHVZLWKWKHIUHTXHQF\RIVSHHGFKDQJHVDQGVSHHGUHYHUVDOV
15. SUBJECT TERMS
$LUWUDIILFFRQWURO&RFNSLWGLVSOD\V,QWHUYDOPDQDJHPHQW
18. NUMBER
      OF 
      PAGES

19b. TELEPHONE NUMBER (Include area code)

a.  REPORT
8
c. THIS PAGE
8
b. ABSTRACT
8
17. LIMITATION OF 
      ABSTRACT
88
Prescribed by ANSI Std. Z39.18
Standard Form 298 (Rev. 8-98)
3.  DATES COVERED (From - To)
5b. GRANT NUMBER
5c. PROGRAM ELEMENT NUMBER
5d. PROJECT NUMBER
5e. TASK NUMBER
5f. WORK UNIT NUMBER

11. SPONSOR/MONITOR'S REPORT
      NUMBER(S)
1$6$70
16. SECURITY CLASSIFICATION OF:
The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and 
Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person 
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
1.  REPORT DATE (DD-MM-YYYY)

